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ABSTRACT

Author: Karmel, Thomas, D. MS
Institution: Purdue University
Degree Received: May 2018
Title:Analyzing the Effect of Policy, Field Geometry, and Environmental Criteria on Switchgrass
Breakeven Price in a Landscape Design System
Committee Chair: Wallace Tyner
A landscape design system (LDS) combines subfield management and precision agriculture to
integrate a bioenergy crop into portions of a row crop field that is deemed unprofitable,
environmentally unsustainable, or both. This analysis utilizes switchgrass as the bioenergy crop,
and calculates the switchgrass breakeven price for inclusion in a LDS with corn. Field geometry
is the arrangement of switchgrass subfields in a LDS. We utilize economic and environmental
criteria to create multiple geometries for each field and calculate each one’s subsequent
switchgrass breakeven price. This tests whether economic and environmental incentives align for
a given field. We find the overlap between unprofitable and environmentally poor areas varies
for each field, shown by the increase in breakeven price for field geometries using environmental
criterion versus profitability. The switchgrass breakeven price for Field 1C’s water erosion
criterion was $192.59 ton-1, compared $176.15 ton-1 with a profitability criterion. However, Field
5A’s hybrid (a mix of economic and environmental) produced a lower breakeven price at
$151.80 ton-1 than a profitability criterion at $152.70. Previous literature stressed the necessity
for policy in order to make switchgrass production in a LDS viable, so we tested the impact of a
Conservation Reserve Program (CRP) and Soil Health and Income Protection Program (SHIPP)
payments on switchgrass breakeven price. The average switchgrass breakeven price with land
costs for the high willingness to convert (WTC), profitability criterion is $165.79 ton-1. With
CRP and SHIPP policy payments, this average decreases to $93.95 ton-1 and $134.49 ton-1,
respectively. While both policies reduce the switchgrass breakeven, we find both to be relatively
inefficient in accomplishing environmental improvement goals.
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INTRODUCTION

1.1

Introduction
The United States enacted The Energy Independence and Security Act in 2007 in

hopes of becoming more energy independent. Part of this act established the second
round of Renewable Fuel Standards (RFS2), which sets minimum goals of generating
renewable fuels. Particular interest is drawn to cellulosic biofuels, which are defined as
biofuel derived from the fibrous portions of a plant rather than its fruit or seeds
(Robertson, et al., 2008). Most ethanol production to date comes from corn grain, which
competes directly with food consumption. Therefore, cellulosic biofuels are touted as a
fuel source that will not take away food supply. Landscape design is an integrated
subfield management technique that has emerged as a means of production that would
not sacrifice food supply and promote environmental stewardship. However, the
profitability of this farming system is doubted, and a policy intervention may be required
to make it viable (Bonner, et al., 2016, Soldavini and Tyner, 2018).

1.2

United States Energy
Since 1953, the United States has been a net energy importer, and domestic energy

production remained relatively stagnant between 1980 and 2005 (USEIA, 2017). In 2006,
35% of total United States energy consumption was from primary energy imports.
Between 2006 and 2016, the US increased its total energy production from 71 to 84
quadrillion Btu. By result, the percent of US energy consumption from primary energy
imports decreased to 26% in 2016.
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Figure 1.1 Annual US Primary Energy Production, Exports, and Imports, 1949-2016
US coal energy production fell by nine quadrillion btu between 2006 and 2016.
However, overall fossil fuel production rose significantly. Natural gas and crude oil
energy production climbed by nine and eight quadrillion btu, respectively. While the
United States energy portfolio remains largely dependent on fossil fuels, 78% of US
energy consumption came from non-renewable resources in 2016 (USEIA(c), 2017).
Still, renewable energy production rose by four quadrillion btu between 2006 and 2016.
Biomass energy production increased by two quadrillion btu in that timespan. Wind
increased its percent of US energy consumption sourcing each year since 1998, but is still
just 3% of our primary energy production (USEIA(d), 2017).
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Biomass is commonly defined as living or recently dead organisms and any
byproducts of those organisms (EESI, 2017). In the context of agriculture and biofuels, it
is referring to crops and any associated residue or matter from the plant. The majority of
biomass energy is from first generation biofuels, or crops commonly used for food
consumption. Corn, in the form of fuel ethanol, is the most common biomass for first
generation biofuels. Second generation biofuels are derived from feedstocks that are not
food crops, unless the crop has already been used for its food purpose (Biofuels.org.uk,
2010). The United States is taking a keen focus on biofuels as part of its Renewable Fuel
Standards program, and more specifically second-generation ones (USEIA(b), 2017).

1.3

Renewable Fuel Standard

The Energy Independence and Security Act of 2007 created the second Renewable Fuel
Standard (RFS2) with the purpose of reducing US dependence on foreign petroleum and
lessening carbon dioxide (CO2) emissions. In 2014, the United States produced more total
petroleum barrels than it imported for the first time since 1993 (USEIA(e), 2016). For the
time being, this lessens US dependence on OPEC, Canada, and Mexico. However,
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current fossil fuel availability is by no means a guarantee and does not secure a long-term
energy source.
Second, increased biofuel production will help the United States reach goals of
reduced emissions and carbon footprint. The percent of US energy consumption from
coal is decreasing, at 17% in 2016, and coal emits a minimum of 214 pounds of carbon
dioxide per million btu of energy (USEIA(e), 2016, USEIA(f), 2017). Natural gas
accounted for the largest amount of 2016 US energy consumption source at 39%. Of the
fossil fuels, it emits the least CO2 per energy unit at 117 pounds. Crude oil fueled 22% of
2016 energy consumption, and when converted to diesel fuel, heating oil, or gasoline it
emits anywhere from 157 to 161 pounds of carbon dioxide per million btu of energy.
By 2022, the Congressional Volume Target for Renewable Fuel is 36 billion
gallons ethanol equivalent (EPA, 2017). The EPA defines four categories of renewable
fuel for the Renewable Fuel Standard (RFS) program. They are cellulosic biofuel,
biomass-based diesel, advanced biofuel, and conventional renewable fuel. The
requirements to qualify for each of these categories is based upon the fuel type, as well as
meeting a certain percent reduction in lifecycle greenhouse gas (GHG) emissions. The
Energy Independence and Security Act of 2007 defined percent reductions based on a
2005 petroleum baseline. Biomass-based diesel and advanced biofuels must meet a 50%
GHG reduction, and advanced biofuel must come from a list of qualified biomass,
excluding cornstarch. Conventional renewable fuel must satisfy a 20% lifecycle GHG
reduction. Ethanol falls into the conventional renewable fuel category, and current US
production meets the goal of 15 billion gallons. Cellulosic biofuel must be produced from
cellulose, hemicellulose, or lignin, and have a 60% lifecycle GHG reduction.
Cellulosic biofuel presents the biggest challenge under the initiative with a goal of
16 billion gallons by 2022. US production of cellulosic biofuel totaled 142 and 192
million gallons in 2016 and 2017, respectively (EPA(b), 2017). While this is substantial
progress from not producing a single gallon in 2012, a significant increase is necessary to
meet the 16-billion gallon standard by 2022. Cellulosic biofuel is a second-generation
biofuel, because it is producing biofuel from the cellulose of the plant. This includes any
stalk, leaves, or fibrous residue left over by the plant. The most common input for
cellulosic biofuel is corn stover, which is the residue left in the field following the harvest
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of the cobs. Corn is grown extensively throughout the United States, and it appears to be
an economical feedstock for renewable energy. However, corn stover removal can have a
negative impact on soil health, resulting in decreased organic carbon and increased
susceptibility to wind and water erosion (Wilhelm, et al., 2007). Farmers need to
maintain soil health to assure high corn yields, and thus, remain a profitable operation.
Therefore, researchers are examining other crops and management systems to help
produce biomass to attain the RFS cellulosic biofuel 2022 goal.
Dedicated cellulosic bioenergy crops are perennial plants that are grown primarily
for bioenergy use, rather than food use (Lave, et al., 2011). These crops are less
commonly grown compared to other cellulosic crops, such as corn stover and wheat
straw. Examples of dedicated bioenergy crops are switchgrass (Panicum virgtum L.),
Miscanthus, and hybrid poplars (Populus spp.). These crops are not commonly grown for
large-scale, profit-driven purposes, and thus, research and data surrounding them is
limited. Farmers are hesitant to convert whole fields to bioenergy crops, because they are
unproven and do not guarantee incomes like traditional row crops do. Therefore, this
study will make use of a technique that converts marginal lands, areas that are
unprofitable or environmentally unsustainable, to dedicated cellulosic bioenergy crops.
Landscape design, a precision agriculture method through subfield management, is an
option to produce biomass and implement environmentally friendly practices without
compromising a farmer’s main revenue stream from row crops.

1.4

Landscape Design Motivation
Landscape design is a potential solution to the challenge of increasing feedstock

requirements as well as providing ecosystem services, improvements to water quality,
and increased soil health (Parish, et al., 2012). Specifically, multiple studies considered
the use of perennial grasses to implement the goals outlined above (Brandes, et al., 2016,
Feng, et al., 2017, Karlen and Muth, 2013). Landscape design will target the utilization of
marginal land, or portions of land that are often or always unprofitable under basic row
crop cultivation. This area may have poor drainage, susceptibility to flooding, or poor and
eroded soil health. Perennial grasses have the ability to help combat nutrient leaching and
erosion, and in some conditions, they can be harvested for biofuel feedstock.
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However, multiple studies have considered the breakeven price of integrating a
landscape design system (LDS) (Bonner, et al., 2016, Mooney, et al., 2009, Soldavini and
Tyner, 2018). While these is no clearly defined market for most of the perennial grasses
considered, each of these papers find the system relatively unprofitable for farmers in
comparison to their business as usual, corn/soy farming. Therefore, most literature
surrounding landscape design suggests that a policy is needed to spur the use of this
system and the subsequent biomass feedstock supply.

1.5

Conservation Reserve Program
The Conservation Reserve Program is a land conservation program aimed at

improving soil and land health. The Farm Service Agency offers annual payments to
farmers in exchange for establishing certain vegetation on portions of their land deemed
to be sensitive to agricultural production practices. With perennial grasses offering a
variety of soil, water, and ecosystem services, a landscape design system logically aligns
with the goals of a CRP. Therefore, this study will evaluate a LDS’s viability under the
operating guidelines of a CRP.
The specific CRP is entitled State Acres For wildlife Enhancement (SAFE), or CP38. To be eligible, the land must have been planted to an agricultural commodity during
four of the six years from 1996-2001 (FSA, 2008). CP-38 requires producers to create a
beneficial environment by planting trees, grasses, and forage for the species of interest. In
exchange, producers receive payments based upon the relative productivity of the land’s
soil. There are other monetary benefits including a reimbursement for up to 90% of the
establishment cost and an incentive payment just for enrolling. The subset of SAFE, CP38E or Establishment of Permanent Native Grasses, specifically relates to a LDS and
potential harvest of the grass for feedstock. Constraints to the program include a 25% soil
rental rate payment reduction on any CRP acre the producer harvests. While there could
be production barriers under a CRP to use switchgrass as biofuel feedstock, the CP-38
initiative also provides an avenue for establishment of switchgrass cultivation while
simultaneously providing ecosystem and conservation services.
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1.6

Objective
This study is a continuation of an analysis by Soldavini and Tyner. They model

switchgrass breakeven prices in a landscape design system for four farms with eleven
total fields across Central Iowa (Soldavini and Tyner, 2018). This analysis will add to the
base model with field specific analysis. This includes each field’s actual corn yields,
nitrate leaching rate, soil organic carbon rate, and water erosion rate. Through ArcMap
10.5.1 analysis, we will be able to calculate the corn yield and various environmental
characteristics for each unique field before and after landscape design system
intervention. The analysis in ArcMap is crucial to the refinement of switchgrass
breakeven prices, because we can eliminate a key assumption involving corn yield used
by Soldavini and Tyner. Second, we will analyze the impact of various field geometries
using both economic and environmental criteria. This will help us understand how often
economic and environmental incentives align, or don’t align. Soldavini and Tyner
conclude that a policy is necessary to presently make a landscape design system attractive
to farmers. Therefore, this study will run analysis under a modified CP-38 contract and
another emerging policy, the Soil Health and Income Protection Program (SHIPP).
Biomass energy is a developing industry, and the use of a landscape design setting
promotes development with row crop farmers without sacrificing their main revenue
stream. The uniqueness of this project is that it seeks ways to simultaneously achieve
energy, agricultural, and environmental objectives. The objective is to determine the
breakeven price of switchgrass utilizing economic and environmental criteria to create
field geometry in a landscape design system overlaid by CRP and SHIPP policies.

1.7

Organization

Chapter 2 is a literature review that first summarizes existing and current studies on
marginal land management at the regional and field scale. The next section targets the
production of perennial grasses for biomass on marginal land. After, we focus solely on
our dedicated cellulosic bioenergy crop for this study, switchgrass. We will review
literature on the environmental benefits and production of switchgrass. To conclude the
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literature review, we focus on environmental valuation techniques and policy
intervention.
Chapter 3 will summarize Soldavini and Tyner’s breakeven price model and how we
have adapted it. Additionally, we will discuss the ArcMap and policy data. Chapter 4
outlines the methodology of our study. The two main sections of this are the ArcMAP
analysis and the breakeven price model. Lastly, we will discuss the results of our study in
Chapter 5 and provide subsequent conclusions of those findings in Chapter 6.
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LITERATURE REVIEW

2.1

Marginal Land
With respect to agriculture and subfield management, marginal land is defined as

unproductive, susceptible to environmental degradation, or both (Ssegane, et al., 2016).
Advancements in precision agriculture now allow farmers to identify portions of their
land that is unsuitable for row crop production, vulnerable to soil erosion and
degradation, or unprofitable under current practices (Bonner, et al., 2014). Researchers
can model impacts of marginal land regionally and locally, and predict how land use
change will mitigate marginal land. Specifically, this study will consider the management
of marginal land through implementing a cellulosic bioenergy feedstock, which could
provide environmental services like reduced soil erosion and ecosystem health.
2.1.1

Regional Management of Marginal Land
A 2014 Bonner et al. study show, at corn prices of $0.16 kg-1 ($4.07 per bushel)

and below, all land in Hardin County, Iowa producing corn operates at a net loss (Bonner,
et al., 2014). Even at a higher price of $0.20 kg-1 ($5.08 per bushel), they report over 20%
still operate at a loss. With corn prices hovering near this range, Hart predicted large
scale unprofitable corn farming in Iowa for the 2015 season (Hart, 2015). Multiple
studies report significant proportions of land dedicated to corn operate at a loss. They call
for this marginal land to be converted away from corn production towards a cropping
system that produces biomass, provides ecosystem services, and improves soil health
(Brandes, et al., 2016, Karlen and Muth, 2013). These studies define marginal land based
upon slim or negative profit margins (Nair, et al., 2017). Other studies classify marginal
land regionally with respect to not only profit, but also its soil health and environmental
properties.
An important aspect of marginal land management is how to define marginal land
quantitatively. Eranki et al. utilize a Watershed-scale Optimized and Rearranged
Landscape Design Model (WORLD) to conduct a sustainability assessment in Michigan
(Eranki, et al., 2013). They select marginal land with respect to seven different goals
including: maximizing ethanol production, minimizing soil erosion, maximizing soil
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organic carbon (SOC), minimizing nitrogen losses, minimizing phosphorus losses,
maximizing crop water-use efficiency, and minimizing GHG emissions. This study’s
base scenario, or business as usual (BAU), was row cropping of corn, soybean, alfalfa,
and some grass hay. The model implements switchgrass, winter wheat, and miscanthus to
specific acres in order to meet the respective maximization or minimization goal. Across
the watershed, they find a 120% increase in SOC with 103% and 68% decreases in
nitrogen leaching and GHG emissions, respectively, under integration of perennial
grasses. They conclude the goals of maximizing SOC and minimizing nitrogen loss
increase beneficial environmental impact the most of all optimizers. However, the
scenario of maximizing ethanol production yields the third best SOC increase and
decreases in GHG emissions and nitrogen loss, relative to the BAU scenario. They do not
report changes in profitability or food production, but their results include land use
changes under each scenario. Under the maximizing ethanol production scenario, 40% of
corn acres and 59% of soybean acres change to a new feedstock. These land use changes
are extreme, but this study illustrates that the conversion of land to perennial grasses can
provide positive environmental services.
Brandes et al. select marginal land across Iowa to be converted to switchgrass
based upon two criteria (Brandes, et al., 2017). They compare scenarios of switchgrass
conversion to a BAU case, which is either continuous corn, continuous soy, or corn-soy
rotation. Under the conservative scenario, converted cropland must have mean annual
profitability less than -$100 ha-1 and an annual nitrate leaching rate greater than 50 kg ha1

. With these requirements, nitrate leaching reduces by 18% annually from the baseline

and 11 million Mg of biomass is produced annually under medium switchgrass yields.
12% of cropland in Iowa is converted to switchgrass for the conservative scenario. The
second scenario is nutrient reduction. This requires cropland converted to have mean
annual profitability of less than $0 ha-1 and an annual nitrate leaching rate greater than 20
kg ha-1. Under these constraints, 37% of Iowa cropland is converted to switchgrass and
34 million Mg of biomass is produced annually. Additionally, there is 38% less nitrate
leaching annually compared to the baseline scenario. They do not report how this will
affect overall profitability or food production across the region for either scenario. These
results suggest that the conversion of marginal land to perennial grasses can not only
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increase biomass production, but also provide environmental services simultaneously.
This literature primarily focused on regional conversion of perennial crops on marginal
land. Our study will focus on individual field analysis rather than regional analysis.
However, like Brandes et al, we will utilize both profitability and environmental criteria
to convert land to switchgrass.
2.1.2

Subfield Management of Marginal Land and Landscape Design
Subfield management is a form of precision agriculture that allows farmers to

apply different practices and inputs based upon the varying characteristics of their field.
Rather than applying a homogeneous practice, farmers can adjust their management of
specific areas with anomalous traits identified as management zones (Fridgen et al.
2002). Subfield management has the potential to become a mechanism to spur biomass
production in the United States while sacrificing little food production. They can identify
subfields based upon marginal land characteristics. Then, they convert these subfields to
biomass while maintaining profitable corn and soy production. This specific farming
structure is called landscape design, and few studies have focused on it to date.
Karlen and Muth analyze a 57 hectare field in central Iowa to determine how
implementing landscape design can increase biomass feedstock and sustainability of the
land (Karlen and Muth, 2013). Karlen and Muth assign subfields with respect to return on
investment (ROI) of the land and identify 20 ha operating unprofitably. Under 100%
conversion of all 20 ha of unprofitable marginal land to switchgrass, their model finds
annual biomass production to be 86 metric tons with an annual soil loss of just 11 metric
tons. This is compared to no biomass production and 316 metric ton soil loss annually
under a BAU, corn-soy rotation scenario. Additionally, 20 ha of switchgrass subfield is
cultivated 100% sustainably. Ssegane et al. analyze the viability of growing shrub willow
in a landscape design system using single and multiple subfield arrangement. Their BAU
scenario is the production of row crops on all land, which includes both productive and
marginal fields (Ssegane, et al., 2016). This is compared to two scenarios of integrating
shrub willow production on subfields within the landscape, also known as a landscape
design system (LDS). The two scenarios are a LDS growing shrub willow on a single
subfield and a LDS growing shrub willow on multiple subfields. Subfields were selected
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mainly based upon environmental criteria including nitrate leaching, nutrient runoff, and
soil erosion. This study finds ll scenarios, including BAU, yield annual net losses, but
single subfield production yields the minimum loss at -$3 Mg-1. The multi-subfield
scenario produces the largest net loss, and they suggest it is due to increased costs of
travelling between each subfield. This suggests that landscape design utilizing a single
subfield system may be more cost-efficient. We will test a similar hypothesis, by
considering if creating larger, contiguous fields of switchgrass reduces the switchgrass
breakeven price.
In 2014, Bonner et al. follow up their county-wide analysis of marginal land with
a study on a 62 ha field in Cerro Gordo County, Iowa (Bonner, et al., 2016). They utilize
the Landscape Environmental Assessment Framework (LEAF) to model biomass
availability and soil health impact upon integration of switchgrass into the cornproducing field. They use an objective function with respect to five variables (grain
production, net profit, nitrate leaching, soil erosion, and soil organic carbon) to optimize
subfield selection and land conversion to switchgrass. This function identifies 12% of the
land to be most desirable to convert to switchgrass production, but is not a continuous,
feasibly manageable subfield. Following an assignment of more contiguous blocks of
subfield, they convert 12 ha of land to switchgrass that averaged -$509 ha-1 net profit
from grain production. They find this conversion of land reduces the field’s soil erosion
by 63% and increase sustainable biomass availability by 35%. They also find that
biomass feedstock prices must be greater than $107 Mg-1 to make landscape design with
switchgrass economically viable. This financial analysis included an environmental
valuation of $158 ha-1 for the converted land. They conclude policy incentives are
currently needed to make landscape design viable.
Soldavini and Tyner similarly conclude the need for policy intervention in their
landscape design analysis of eleven fields in central Iowa (Soldavini and Tyner, 2018).
The Soldavini and Tyner analysis considers only the economic profitability criterion
explicitly, but converting unprofitable zones to switchgrass would be expected to provide
some environmental benefits. They create a base model for determining the breakeven
price of switchgrass in a LDS. Breakeven price is the necessary price a producer must
receive to make them indifferent between landscape design system and conventional row
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crop production. Their model includes the increased inefficiency in production costs of a
LDS, because producers take additional time and investment in machinery to operate in
this integrated landscape. Soldavini and Tyner find a range of mean switchgrass
breakeven prices for the eleven fields between $167 and $194 ton-1, including land costs.
This study will make use of their base model to perform more analysis with improved
data, additional subfield optimization techniques, and policy implementation.
Landscape design is implemented for soil health, ecosystem, and biomass
production purposes (Dale, et al., 2016). A key consideration is how to determine
subfields in order to optimize relative goals of landscape design. Furthermore, if
optimization and subfield selection with respect to one goal will produce desirable results
for other objectives. Therefore, this study will consider various metrics to identify
marginal land for switchgrass subfields and how this translates to achieve multiple
landscape design goals simultaneously.

2.2

Perennial Grasses Production for Biomass on Marginal Land
While the production of perennial grasses on marginal land appears to be a means

of increasing biomass feedstock, there is limited research on the practicality of cultivating
these crops on subpar land. It is important to use data on production of perennial grasses
on marginal land, because it will most likely produce different yields, costs, and
production challenges compared to farming on prime land. Hallam et al. evaluated the
economic potential of harvesting various energy crops in central and southern Iowa
between 1988 and 1992 (Hallam, et al., 2001). The southern Iowa location in Chariton
can be considered marginal, because it was sloped between 2% and 7% and has a higher
clay content than desired. In general, the Chariton location had lower yields than the
Ames location. The perennial grasses reach mature yields quicker at Ames, but Chariton
produces similar yields by year five harvest. Reed canarygrass (Phalaris arundinacea L.)
and switchgrass each had higher yields for Chariton for years four and five compared to
Ames. Switchgrass, Big bluestem (Andopogon gerardii Vitman var. gerardii), and reed
canarygrass had yields of 15.8, 10.5 and 10.9 metric ton (t) ha-1 yr-1, respectively, at
Chariton for year five. In addition to lower yields, Hallam et al. conclude that the costs of
big bluestem and reed canarygrass are significantly greater than switchgrass. This study
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and others surrounding landscape design are conscious of a perennial grasses’ ability to
provide ecosystem services such as improved soil health and water quality. Reed
canarygrass is considered an invasive species to North American waterlands (Lavergne
and Molofsky, 2006). Therefore, this grass will not be able to meet a LDS’ multiple
goals.
In addition to switchgrass, miscanthus is the other main perennial grass considered
a potential dedicated cellulosic energy crop. Specifically, Europe has tested miscanthus
for biomass production (Clifton-brown, et al., 2004). In the US, researchers in Illinois
targeted miscanthus as well (Heaton, et al., 2008). However, few studies analyze
miscanthus production on marginal land. In the analysis conducted by Eranki et al, their
WORLD model encourages more miscanthus growth than switchgrass, especially on
marginal lands (Eranki, et al., 2013). They conclude this result is due to generally higher
yields and soil conservation characteristics of miscanthus. Nair et al. investigate the
potential for grain-producing fields to harvest residual biomass or to integrate bioenergy
crops to unprofitable subfields (Nair, et al., 2017). In their study, two of the four fields in
Oklahoma and Kansas planted miscanthus as the bioenergy crop. Nair et al. record
miscanthus dry yields of 9.5 and 9.7 t ha-1 yr-1 at Oklahoma and Kansas fields,
respectively. Khanna et al. conclude that miscanthus is more likely to be cost competitive
than switchgrass as a potential bioenergy crop in Illinois (Khanna, et al., 2008). While the
research identifies marginal land in Illinois for bioenergy crops, it does not utilize
bioenergy yields on marginal lands. However in 2011, Khanna et al. conduct a Midwest
wide analysis of biomass production of miscanthus and switchgrass on various land types
(Khanna, et al., 2011). They conclude that switchgrass is more cold hardy than
miscanthus, and therefore makes it more attractive across the general Midwest. They find
the lowest cost of producing miscanthus is in Illinois on marginal land equating to
between $69 and $106 per dry matter ton. The lowest cost of producing switchgrass is in
Iowa on marginal land at between $72 and $102 per dry matter ton. They conclude
warmer and southern areas could be better for miscanthus production, which on average
has lower breakeven price range than switchgrass. This study will consider switchgrass
production in central Iowa, and conclusions from Khanna et al support switchgrass
production in Iowa as opposed to miscanthus.
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Palmer et al. (2014) evaluate miscanthus, switchgrass, and five other types of
perennial grasses from a planting in June 2008 to a final harvest in 2011 on two North
Carolina sites (Palmer, et al., 2014). Researchers do not define the sites as marginal, but
both locations have land characteristics unsuited for row crop production. Thus, this land
is comparable to subfields that would be identified for biomass production in a LDS.
There are large temperature swings and high winds at the mountainous location and
sloping, sandy soil at the coastal site. Palmer et al. examine a topic seldom considered,
survival rate. Perennial grasses are vulnerable to strong winds and harvest stress that can
damage or permanently destroy an established crop. They find miscanthus grasses, giant
reed, and switchgrass to have the highest survival rates at both locations. They grow three
populations of miscanthus and report higher mean, dry matter yields at the mountainous
location between 18.4 and 21.3 Mg ha-1 yr-1. At the coastal location, one miscanthus
population did not survive past the first harvest. Giant miscanthus and ‘Gracillimus’
miscanthus had mean yields of 20.8 and 8.4 Mg ha-1 yr-1, respectively. Plume grass
produced a 31.7 Mg ha-1 by the 2010 harvest at the coastal location. However, plume
grass is particularly susceptible to harvest stress and too much was destroyed by 2011 to
collect reliable data. Switchgrass was one of two species to have all establishments
survive the full four years at both locations. They find switchgrass to have relatively
higher yields and better sturdiness than other perennial grasses. While miscanthus and
other perennial plants may be considered in certain regions, switchgrass is widely
accepted as a strong candidate for biomass production across the US. Therefore, this
study will consider switchgrass within a LDS.

2.3

Switchgrass Environmental Benefits
Switchgrass (panicum virgtum L.) is native to the United States excluding

California and the Pacific Northwest. This tall, perennial, warm-season grass is able to
grow in a variety of soil types and climates. However, it is most suited for relatively
deep, dry to poorly drained, and sandy or clay loam soils. Switchgrass provides
environmental benefits including reduced nitrate leaching, increased SOC, water and
wind erosion control, and provision of wildlife habitat. With high tolerance to pH,
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salinity, and sloping land, switchgrass is a strong candidate for biomass production on
marginal lands (Feng, et al., 2017).
To date, most research on environmental benefits of switchgrass is for generic field
operation. One of the main goals of a landscape design system is to implement
switchgrass on marginal land within fields. Therefore, these switchgrass subfields in a
LDS may be under additional stress, like sediment transport and water runoff, from
adjacent corn fields. The marginal lands identified for switchgrass subfields are
commonly areas where environmental degradation is strongest. Therefore, this section
will cover the environmental benefits of switchgrass cultivated on land categorized as
marginal.
2.3.1

Soil Erosion
As discussed, most cellulosic biofuel production to date comes from corn stover.

Following the corn harvest, farmers can additionally harvest the remaining organic matter
and sell it as a feedstock for biofuel production. The remaining organic matter following
corn harvest is referred to corn stover. An issue with utilizing corn stover for biofuel is it
exposes the soil to water and wind erosion (Varvel, et al., 2008). Crop residues provide
multiple benefits to the soil including reduced erosion, better water filtration, and
increased water retention from decreased evaporation. English et al. use the Revised
Universal Soil Loss Equation (RUSLE2) and the Wind Erosion Equation (WEPS) to
estimate the profitability and soil erosion when implementing various farming techniques
to all of Indiana’s land (English, et al., 2013). They find under the scenario of no
conservation techniques that average soil loss is 31.4 Mt ha-1 yr-1. This is compared to the
socially optimal scenario that produces just 0.9 Mt ha-1 yr-1 of soil loss. English et al.
conclude that when soil erosion cost are high and enforced, farmers will adapt more
socially optimal practices like no till and moderate corn stover removal.
English et al., and most studies to date, do not focus on marginal lands or a LDS,
but Karlen and Muth is an example of a study exploring the environmental impact of
employing a LDS. In their analysis where they convert 20 ha of a 57-hectare field to
switchgrass, their model suggests 11 tonnes of soil loss compared to the BAU corn-soy
rotation scenario, which has 316 tonnes of soil loss (Karlen and Muth, 2013). This model
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scenario result is on par with other literature estimates of switchgrass helping reduce soil
erosion. Other studies suggest up to a 30-fold reduction in soil erosion in switchgrass’
establishment year, and up to a 600 times decrease in years two and three (Hartman, et
al., 2011). Thus, switchgrass can provide similar soil erosion reduction as a cover crop
and an opportunity for a sustainable biomass feedstock.
Not only does switchgrass provide surface cover to reduce soil erosion, but it has
an extensive root system which prevents subsurface soil transport through water (AlKaisi and B. Grote, 2007, Lemus and Lal, 2005, Liebig, et al., 2008). Even if corn stover
is not removed, its root system will breakdown during the winter. Soil erosion within a
LDS system of continuous corn and switchgrass has not been specifically estimated.
However, switchgrass’ extensive root system and surface cover can only reduce soil
erosion compared to a continuous corn field with area operating unprofitably.
Consequently, switchgrass reducing erosion will help retain nutrients contained in the
soil. By decreasing the export of soil, more soil organic carbon and key nitrogen
compounds remain in the ground and increase the health of the land. The next two
sections will focus specifically on the health of the soil and switchgrass’ ability to retain
nutrients.
2.3.2

Soil Organic Carbon
One of the two main environmental services switchgrass provides is carbon

sequestration, or increased soil organic carbon (SOC). SOC loss is commonly linked to
soil erosion, because soil erosion will lead to an export of its associated carbon (Lemus
and Lal, 2005, Liebig, et al., 2008). Switchgrass decreases soil erosion and increases
SOC due its large and extensive root system (Al-Kaisi and B. Grote, 2007, Lemus and
Lal, 2005, Liebig, et al., 2008).
Liebig et al. come to this finding in their 2008 report. They study the change in
SOC and harvested carbon yields for fields planted with switchgrass (Liebig, et al.,
2008). The ten study fields have characteristics such they would qualify for a CRP. The
size of the ten fields is similar in magnitude to LDS subfields, averaging 6.7 ha and
ranging between 3.0 and 9.7 ha. The largest increase in SOC occurs in the 0 to 30 cm
depth, ranging between 0.8 and 1.2 Mg C ha-1 yr-1. Liebig et al. note that carbon
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sequestration is a slow process, but four fields still had significant increases in SOC over
30cm or 120cm depths. They conclude that switchgrass can significantly affect SOC
change. Wang et al. modeled switchgrass growth on marginal land utilizing data from a
four year switchgrass stand experiment at Colorado State University near Fort Collins.
They mainly consider the difference between rainfed and irrigated switchgrass, but report
on SOC changes. For the fourteen year model following establishment, they find mean
SOC rates of 1.13 and 0.99 Mg ha-1 yr-1 for irrigated and rainfed, respectively.
The previous two studies used ammonium nitrate for the switchgrass nitrogen
application, a suggested practice. Lee et al. analyzed the effect of nitrogen fertilization
types (ammonium nitrate and manure) at two rates (112 and 224 kg N ha-1) on
switchgrass yield and SOC in a four-year field experiment on South Dakota CRP land
(Lee, et al., 2007). They find a similar SOC increase as the Liebig et al. and Wang et al.
studies for the ammonium nitrate application rate at 7.58 Mg ha-1 (or 1.90 Mg ha-1 yr-1)
through a 90 cm soil depth. However, they find that manure application of 112 kg N ha-1
increases SOC by 17.03 Mg ha-1 (4.26 Mg ha-1 yr-1). They conclude that nitrogen
fertilizer with manure or ammonium nitrate aid carbon sequestration, specifically for
depths of 30-90 cm. These results are particularly useful, because our model assumes
nitrogen is applied to the switchgrass in order to help increase yields. Therefore, nitrogen
application to switchgrass in our study will only aid carbon sequestration. Follett et al.
find a similar SOC increase rate when they use marginally productive land to evaluate the
SOC sequestered by switchgrass and corn over nine years (Follett, et al., 2012). For the
switchgrass management of 120 kg N ha-1 and harvest after a killing frost, the annual
SOC increase was 2 Mg ha-1 yr-1. For a 120 kg N ha-1 annual treatment and no stover
harvest, corn increased SOC by 2.6 Mg ha-1 yr-1. While corn produces higher SOC
increases, Follett notes that the corn stover going unharvested allows the roots and
biomass to breakdown into the soil, which can add additional SOC.
Al-Kaisi and Grote study the effect of three different cropping systems on land
where topsoil has been removed and subsoil has been used for construction. Therefore,
this marginal land can be considered unsuited for profitable row crop production. The
three cropping systems are corn-soybean rotation, switchgrass burned annually, and
switchgrass burned every five years (Al-Kaisi and B. Grote, 2007). The corn-soy was
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established in 1978, while the switchgrass plots were established in 1980 and last burned
in 2001. The switchgrass is not harvested, but rather the plot is burned every five years.
Still, this can provide some insight into switchgrass’ impact on SOC. Al-Kaisi and Grote
take soil sample tests for the plots in the spring of 2003 and 2004. For the depth of 60cm
over 25 years, the corn-soy rotation, switchgrass burned annually, and switchgrass burned
every five years recorded annual SOC increases of 0.80, 0.84, and 0.92 Mg ha-1,
respectively. Both switchgrass plots had larger SOC contents through 45cm soil depth,
while corn-soy rotation did have higher SOC at the 45-60cm depth. Still, they find that
switchgrass cropping systems can potentially have more SOC retention than a cornsoybean rotation. They do note that carbon sequestration is a slow process and results
may not be immediately visible.
The literature offers a concise range of annual SOC increases, between 0.8 and
2.0 Mg ha-1, for conventional switchgrass integration to marginal, unproductive fields.
Some studies disagree about how significant these increases are compared to no-till or no
stover harvest row crop operations. However, this analysis considers the change in SOC
when farmers convert land from row crop production of corn to switchgrass. The
literature agrees that this type of land conversion will positively affect SOC (Bandaru, et
al., 2013, McLaughlin, et al., 2002, T Garten Jr and Wullschleger, 2000).
2.3.3

Nitrate Leaching
Nitrate leaching, or nitrate loss, via agriculture land is a major concern, because of

its effect on bodies of water. This can lead to nutrient oversaturation in bodies of water,
health concerns among children, and toxicity to livestock (Sharma and Chaubey, 2017).
Nitrogen fertilization is a common agricultural practice. The plant generally does not
absorb all nitrogen, and therefore some nitrates are lost to the soil and available water.
This section will outline switchgrass’ ability to decrease nitrate leaching and loss, relative
to row crops, when integrated on marginal land.
Feng et al. define three types of marginal land to grow biomass on to quantify the
effects of production on water quality (Feng, et al., 2015). The first type of marginal land
conversion will be summarized, because it is most relevant this study. Type 1 is cropland
and grassland classified in Land Capability Classes (LCC) 3 or 4, which translates to land
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marginally suitably for row crop cultivation. Using their APEX model, Feng et al. find
converting eligible Type 1 cropland to switchgrass production will reduce nitrogen
transported by sediment from 2.73 to 0.98 kg ha-1 and by water from 81.23 to 36.48 kg
ha-1. The model also shows soil erosion will reduce from 1.44 to 0.37 Mg ha-1. Each of
these changes is statistically significant at a field level (p < 0.05). These changes were not
statistically significant at the watershed scale, as total marginal land across each type
accounts for 22% of the watershed. Thomas et al. also conclude that switchgrass will
reduce nitrate leaching, but may not be statistically significant for all soils and corn
management practices (Thomas, et al., 2014). They compare nitrate loss on three
marginal and one non-marginal soil in Decatur County, Indiana utilizing a simulation
model. They find switchgrass plots on marginal land did have statistically significant
reductions in nitrate leaching compared to a tilled, continuous corn plot on marginal land.
Switchgrass produced the largest reduction in nitrate reduction compared to a tilled,
continuous corn plot of Clermont-type soil with poor drainage. Switchgrass reduced
nitrate leaching from 31.8 to 6.79 kg ha-1 on that soil.
Ssegane et al. utilize the Denitrification-Decomposition (DNDC) model to help
predict the change in nitrate leaching and nitrous emissions upon integrating a 0.8 ha
buffer strip in a 6.5 ha field (Ssegane, et al., 2015). The three scenarios analyzed on an
Illinois field are continuous corn, a buffer strip of willow with corn, and a buffer strip of
switchgrass with corn. The continuous corn rotation, on average, leaches 31.9 kg N ha-1
yr-1. The switchgrass buffer, on average, leaches just 11.6 kg N ha-1 yr-1, a 61% reduction
from the continuous corn scenario. The willow strip leaches 12.5 kg N ha-1 yr-1.
Additionally, the switchgrass buffer has less variability in nitrate leaching with a variance
of 1.6 kg N ha-1 yr-1, as opposed to 4.4 kg N ha-1 yr-1 with continuous corn. Hamada et al.
define marginal land based upon corn yield levels in the Indian Creek watershed in
Illinois (Hamada, et al., 2015). Using the Soil and Water Assessment Tool (SWAT)
model, they convert land to switchgrass if the corn yield is equal to or less than 3.1 Mg
ha-1 (Scenario 1), 4.7 Mg ha-1 (Scenario 2), and 6.3 Mg ha-1 (Scenario 3). These scenarios
are compared against the baseline of current land use, which is mainly different rotations
of corn and soy. Scenarios 1, 2, and 3 produce reductions in nitrate leaching by 15.9%,
18.4%, and 25.9%, respectively. Hamada et al. conclude that the difference between
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nitrate reduction of scenarios 1 and 2 is insignificant, but scenario three is significantly
different from the other two. The difference between these two studies’ results may be
due to placement of the conversion areas, as both convert similar proportions (12.3% for
Ssegane et al. and 14.3% for Hamada et al.) of land. Ssegane et al. placed switchgrass on
a buffer strip for environmental purposes, while Hamada et al. converted land with poor
yields to switchgrass. This suggests that employing profitability criterion may not
necessarily align with environmental goals. Our study will also examine this hypothesis.
Sharma and Chaubey provide a comprehensive summary of studies covering nitrate
loss from select bioenergy crops, including switchgrass. Similar to other studies, they
conclude that switchgrass field nitrate leaching is significantly less than corn fields. From
existing literature, they conclude that nitrate loss through surface runoff is about two to
three times less, on average, for a switchgrass field than a corn field (Sharma and
Chaubey, 2017). The literature also showed a healthy range of reduction rates, and
Sharma and Chaubey’s value is close to the mean of that range.

2.4

Switchgrass Production on Marginal Land
Switchgrass can provide key environmental services to marginal land. However,

the other, equally important goal of this study is to determine the profitability and
practicality of cultivating switchgrass for biomass production within a landscape design
system. There is ample research on switchgrass production on whole fields or on prime
land, but limited insight into how switchgrass will perform on marginal, smaller plots of
land. Additionally, an LDS will present additional challenges on top of cultivating on
subpar land, like increased harvest inefficiency. Ultimately, farmers will not voluntarily
undertake an LDS system with switchgrass if it doesn’t make them better off compared to
their current operation. This section will investigate switchgrass production and
practicality on marginal land.
2.4.1

Switchgrass Yield on Marginal Land
To date, there are few studies exploring switchgrass yields and production

practices on marginal lands in Iowa or the Midwest. Lemus et al. analyze yields at two
farms in southern Iowa counties, Lucas and Wayne, from 1998 to 2002 (Lemus, et al.,
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2008). Both farms were previously under a Conservation Reserve Programs (CRP), and
each had land classified as somewhat poorly or poorly drained. Drainage’s effect on yield
is vital to evaluate, because it will be a common characteristic of land identified for
switchgrass conversion in a LDS. The 2002 average dry matter yield was 6.5 Mg ha-1.
The Lucas county field produced an 8.5 Mg ha-1 maximum yield in 2002, while the
Wayne county location sat just above 6.0 Mg ha-1. They add that landscape has a
significant effect on yield, with summits having the highest values as oppose to
backslopes or footslopes. Schmer et al. utilize 10 fields across three states (Nebraska,
North Dakota, South Dakota) to analyze net energy from switchgrass production
(Schmer, et al., 2008). There were four fields in both Nebraska and South Dakota and
two in North Dakota. The five-year study was on land marginal enough to qualify for
CRP, and had an average size of 6.7 ha. The weighted average of the ten fields was 6.2,
8.3, and 6.6 in years three, four, and five respectively.
Mulkey et al. examine switchgrass yields in three South Dakota locations from
2001 to 2003. Below normal precipitation heavily affected two locations in 2002,
reflecting yield’s dependence on precipitation. Yield at the location least impacted was
just north of 6.0 Mg ha-1 (Mulkey, et al., 2006). Burras et al. analyze 12 and 21
switchgrass fields in 1999 and 2000, respectively. Each field was managed under a CRP
established in 1996 (Burras, et al., 2002). The mean yield for fields in 1999 is 5.12 Mg
ha-1 with a standard deviation of 2.31, and the fields in 2000 had an average of 5.99 Mg
ha-1 with standard deviation of 1.82. Switchgrass yield on marginal land varies
throughout most of the literature, but the Midwest mature, dry matter yield ranges
between 6.0 and 9.0 Mg ha-1 yr-1. These values sit below switchgrass yields on regular,
prime land, which average between 11.0 to 14.0 Mg ha-1 yr-1 (Griffith, et al., 2010,
Hoque, et al., 2015). Bangsund et al. find a low productivity soil to have an average
annual yield of 2.67 tons acre-1 (5.99 Mg ha-1) across ten years, while high productivity
soil yield is 3.51 tons acre-1 (7.87 Mg ha-1) in North Dakota (Bangsund, et al., 2008). To
account for this uncertainty, we utilize a stochastic, or random, distribution for the
switchgrass yield variable in the model.
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2.4.2

Switchgrass Yield on Marginal Land Outside the Midwest
Switchgrass production on marginal land has also occurred outside of the

Midwest, mainly in the southeastern US. This study will consider production in Iowa.
However, it is important to examine other areas because some studies have concluded
yield may be higher in southern, warmer areas. McLaughlin and Kszos conclude
switchgrass yield on marginal lands in the US should be about 16.0 Mg ha-1.
(McLaughlin and Kszos, 2005). They advise producers should prescribe to a single
harvest system, tailor switchgrass variety to fit the region, and utilize nitrogen
applications. Under these standard practices, their predicted average is accurate based
upon the lower yields of the Upper Midwest and the higher yields of more southern
states. In North Carolina, Palmer et al. evaluate seven types of perennial grasses from a
planting in June 2008 to a harvest in 2011 in two sites (Palmer, et al., 2014). Researchers
do not define the sites as marginal, but both locations have land characteristics unsuited
for row crop production. Thus, this land is comparable to subfields that would be
identified for biomass production in a LDS. They find switchgrass is one of two species
to have all establishments survive the full four years in both locations. They find mature
yields of 24.1 Mg ha-1 and 22.1 Mg ha-1 for switchgrass at year three at the mountainous
site and year four at the coastal site, respectively. These values represent the higher yields
possible in the southern US.
Mooney et al. conduct an analysis on switchgrass yields across varying
landscapes from 2004 to 2006 at the University of Tennessee Milan Research and
Education Center test plots (Mooney, et al., 2008). Moderately well drained level upland
produce the largest mean mature dry matter yield with 22.87 Mg ha-1, while the poorly
drained flood plain produce the lowest with 10.55 Mg ha-1. Even the lowest value sits
above the average across northern states. Mooney et al. conclude in their 2009 study that
southern regions may be better suited than northern regions to grow switchgrass
(Mooney, et al., 2009). Khanna et al. corroborate this conclusion citing that southern
regions of Illinois may be better suited to grow perennial grasses (Khanna, et al., 2008).
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2.4.3

Practicality and Profitability of Switchgrass Production on Marginal Land
In addition to yields, Mooney et al. analyze the practicality and relative costs of

switchgrass production on marginal land. Their study shows that production costs were
least for the well-drained level upland environment at $40 per ton and most for the poorly
drained floodplain at $70 per ton. In their 2009 study, they again use four landscapes:
moderately well drained level upland (WDLU), well to moderately well drained floor
plain (WDFP), moderate to somewhat poorly drained eroded sloping upland (MDSU),
and a poorly drained floor plain (PDFP). In terms of breakeven costs, the WDLU ($46.45
Mg-1) has the lowest value with MDSU ($49.04 Mg-1) and WDFP ($47.54 Mg-1) close
behind. These results indicate that a landscape design system may lean towards the higher
end, because it would operate on the marginal, unproductive land of a field commonly
used for row crops. They suggest that Tennessee and other southeastern states may be
more suited to grow switchgrass than the northern plains, because of the potential for
higher yields. In 2008, Khanna et al. agree with the conclusion by Mooney et al. (2009)
that southern regions may be better suited to grow perennial grasses. They find a
breakeven price for miscanthus of $41.67 ha-1, compared to a breakeven price of
switchgrass at $98.19 tonne-1. This difference is mainly due to the higher predicted yield
of miscanthus, almost five times that of switchgrass in Illinois. The difference between
Mooney et al. and Khanna et al. is the assumed yield of switchgrass, which is 13.8 and
5.78 Mg ha-1, respectively. Mooney et al. conduct sensitivity analysis on yield. They find
a 25% decrease in yield will increase breakeven price to $56.93 Mg-1, monetizing the
importance of yield.
Analysis by Mooney et al. and Khanna et al. is on par with Bangsund et al., who
analyze how breakeven farm-gate switchgrass prices and yields vary with soil
productivity in South Central North Dakota. They find low productivity soils have a
lower breakeven price than high productivity. This is due to the high opportunity cost of
high productivity soils for row crops, which creates sensitivity in breakeven prices
through row crop prices. They estimate switchgrass breakeven price of $47.14 ton-1 for
low productivity soil and $76.16 ton-1 for high productivity soil. Amadou and Gouzaye
analyze the practicality of producing switchgrass on marginal land across 30 counties in
Oklahoma utilizing a mathematical programming model (Gouzaye and Epplin, 2016).
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They analyze three scenarios of restricting where the switchgrass is planted based upon
LCC. The three scenarios are: land use is restricted to class four, land use is restricted to
classes three and four, and land use is permitted for classes one through four. Classes
three and four represent cropland that is marginally conducive to standard, row crop
production, with four being less potentially profitable than three. They find that
restricting production to just LCC 4, compared to the classes one through four scenario,
will increase the breakeven price of biofuel from $2.12 to $2.42 gal-1. Even with the
increased cost of prime land, Amadou and Gouzaye conclude that a profit-optimizing
business will likely produce switchgrass on more productive land (Classes 1 and 2).
Perrin et al. conducted a five-year study on land marginal enough to qualify for CRP and
an average size of 6.7 ha across 10 farms in the Upper Midwest (Perrin, et al., 2008). The
fields’ ten-year annualized yields, at a 10% discount rate, ranged between 2.5 and 9.0 Mg
ha-1. The associated annualized production costs, also at 10% discount rate, were as low
as $41.07 Mg-1 or as high as $91.88 Mg-1. They believe that improvements in Midwest
switchgrass yield can be made through hybrid seeds and better production practices,
citing recent advancements (Berdahl, et al., 2005, Boe, 2007).
While the studies previously mentioned considered switchgrass on marginal land,
they do not consider it in a LDS. An LDS will have significant implications on harvest
costs, and thus, breakeven prices. Soldavini and Tyner examine eleven fields across four
farms in Central Iowa, and they find a mean switchgrass breakeven price in a LDS range
between $167 and $194 ton-1, including land costs (Soldavini and Tyner, 2018). While
they cite better data is needed to perform more accurate analyses, their results still
suggest a lack of practicality for an LDS. Bonner et al. find a breakeven price of
switchgrass in an LDS to be $107 Mg-1, but that includes an environmental service
valuation. Without the environmental credit, the breakeven price sits around $200 Mg-1
(Bonner, et al., 2016). However, they come to a different conclusion than Amadou and
Gouzaye. They surmise that a policy is necessary in order to implement switchgrass
production on marginal lands via a LDS, similar to other literature (Khanna, et al., 2011,
Mooney, et al., 2009). This study, as previously stated, will make use of the base model
by Soldavini and Tyner and will introduce policies to the model to test their impact on
LDS viability.
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2.5

Environmental Value and Policy Intervention
Soldavini and Tyner conclude that a policy is necessary to make switchgrass in a

landscape design system viable, because farmers will not undertake a LDS if they can
profit more from whole field corn production (Soldavini and Tyner, 2018). Other biofuel
considerations like corn stover have lower farm-gate breakeven prices, ranging between
$52.76 and $74.70 per dry ton for low productivity soils and various crop rotations
(Khanna and Paulson, 2016). Thompson and Tyner found farm-gate breakeven price for
corn stover of $88.19 Mg-1 (Thompson and Tyner, 2014). Both estimates include the
costs of replacing nutrients that stover decomposition would provide to the soil.
However, neither include any environmental costs or benefits of stover harvest, although
Thompson and Tyner limited the stover harvest to one third of the stock available. A
level generally considered to be sustainable. Corn stover harvest can increase soil erosion
and remove the natural reutilization of nutrients for the soil. If the industry operated at a
socially optimal level, the corn stover breakeven price would increase due to the
environmental disservice it provides. On the other hand, switchgrass integration through
LDS would decrease switchgrass breakeven price, because it positively impacts land and
the environment.
An argument for a policy intervention is that switchgrass positively influences the
environment, and therefore farmers should be subsidized for adopting a LDS with
switchgrass. This section will focus on literature attempting to monetize the
environmental impact of switchgrass on marginal land. This study will consider a
Conservation Reserve Program (CRP) and Soil Health and Income Protection Program
(SHIPP) as a means to subsidize farmers who grow switchgrass in a LDS. This section
will outline CRP and SHIPP intervention into agricultural systems.
2.5.1

Valuation of Switchgrass’ Environmental Services
There is no existing literature on the value of switchgrass environmental services

within a landscape design system. Therefore, this analysis will utilize pre-existing studies
to help monetize the environmental benefits of switchgrass in a LDS, more specifically,
methodology by Bonner et al. in 2016. They model soil health changes (nitrate leaching,
soil erosion, soil organic carbon) through a Landscape Environmental Assessment
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Framework (LEAF) model from integrating switchgrass into a corn-producing field
(Bonner, et al., 2016). They convert land based upon economic and environmental
standards. To find the breakeven price of switchgrass conversion with environmental
valuations, they use literature estimates to determine environmental credits. They use
three literature estimates for the main three environmental services switchgrass provides:
SOC sequestration, nitrate leaching, and soil erosion.
Lal analyzes the role of SOC on the health of soil and its subsequent effect on
crop systems by monetizing the societal value of soil carbon (Lal, 2014). This research is
pivotal due to the difficultly of valuing environmental services. This is specifically
important for SOC, because it is a wide-ranging environmental benefit, making it difficult
to wholly appraise. Lal finds the SOC societal value through adjusting the monetary costs
of inputs (nitrogen, sulfur, phosphorous, residues) that catalyze biomass C to turn into
SOC. He adjusts these inputs’ market values to reflect their productivity in achieving the
services SOC can provide to the agricultural system, like soil fertility and water retention
capacity. Through this valuation, he concludes the societal value of SOC to be $0.133 kg1

($0.060 lb-1). With an average sequestration rate of 300 kg C ha-1 yr-1, he believes

farmers should be paid $40 ha-1 yr-1.
To estimate the value of reduced nitrate leaching, Bonner et al. utilize a study by
Christianson et al., who estimate the costs of various nitrate reduction strategies
(Christianson, et al., 2013). The cost per unit nitrogen removed for each of these
strategies is the price that farmers are indifferent between employing the respective
strategy versus being taxed for that unit of nitrogen. The most comparable strategies to
switchgrass in a LDS that Christianson et al. consider are a denitrifying bioreactor, cover
crop, and constructed wetlands. Each of these provide some sort of filter to reduce nitrate
leaching, similar to how a LDS with switchgrass would behave. Through a full cost
analysis, Christianson et al. find the annual mean (standard deviation) cost of removing a
unit of nitrogen for a denitrifying bioreactor, a cover crop, and a constructed wetland to
be $2.10 ($0.90), $55.00 ($48.00), and $2.90 ($0.80). However, Christianson et al. use
rye for the cover crop scenario, which would most likely be less effective than
switchgrass (Christianson, et al., 2013). Therefore, we will eliminate that valuation and
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consider the costs of a denitrifying bioreactor and constructed wetland as the per unit
value of reducing nitrate leaching.
The final estimation Bonner et al. use is a valuation of soil erosion by Hansen and
Ribaudo (Hanson and Ribaudo, 2008). They estimate the value of reduced soil erosion
down to the county and watershed level. The data set is no longer available online.
However, Bonner et al. study site is also in Iowa, and they utilize a valuation of $4.70
ton-1 of reduced soil erosion for Cerro Gordo County, Iowa. Based upon graphics in their
report, all of Iowa is estimated to have a reduced soil erosion value of at least $3.90 ton-1.
While it is important to have estimates for each of these environmental values, sensitivity
analysis will be performed on each value to determine their effect on switchgrass
breakeven price in a LDS.
2.5.2

Conservation Reserve Programs
A Conservation Reserve Program (CRP) is a common strategy used to achieve a

directed environmental or ecosystem goal. Current initiatives of the program include
increasing habitat for ducks, upland birds, honeybees, and general pollinators; and
restoring degraded waterland areas that are being used for agricultural production. Most
of the studies analyzing switchgrass harvest on CRP land are not concerned with the
switchgrass itself, but how the harvest affects the wildlife species the CRP is targeting.
Roth et al. determine how harvesting switchgrass on CRP land will affect the
species composition and abundance of Wisconsin grassland bird species (Roth, et al.,
2005). They find that harvesting switchgrass attracted species that prefer short-tomoderate vegetation the following year. They conclude harvesting sections every other
year would be a sound compromise between biomass production and habitat retention.
However, this study was only two years and did not consider how this would affect
nesting and reproduction habits. At the same time, a study by Murray et al. contains
conclusions that would favor the production of switchgrass on CRP land (Murray, et al.,
2003). They conclude there could be a reduction in some species who feed on the grain
switchgrass may replace. However, a landscape design system would continue grain
production, allowing the species to retain nearby food access. Still, there are limited
insights into how energy production on CRP lands will align with environmental
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priorities like nitrate leaching and soil erosion. This study will make use of an existing
CRP and modify it to help align its environmental goals with biomass production.
One CRP is entitled State Acres For wildlife Enhancement (SAFE), or CP-38.
CP-38 requires producers to create a beneficial environment by planting trees, grasses,
and forage for the wildlife species of interest (FSA, 2008). CP-38 targets the integration
of plant species to help foster forage diversity and wildlife habitat. Producers are
compensated for a majority of the establishment costs in addition to annual payments for
enrollment.
There are four main CP-38 payments: soil rental rate, signing incentive, cost
share, and practice incentive. The soil rental rate (SRR) payment is the main reason
producers enroll their land in a CRP. For the duration of the contract (commonly 10 or 15
years), they will receive annual payments based upon a weighted average of their land’s
three most prominent soils. Each soil has a rental rate that is determined by the county. In
Iowa, this payment generally amounts to between $250 and $325 per acre. The signing
incentive payment is a $150 per acre credit to producers who enroll in CP-38 and are
currently producing. Therefore, producers who are reenrolling land do not receive this
payment. The cost share payment covers most of the CP-38 establishment costs. This
payment is broken down into planting, herbicide, and seed costs. Enrollees receive a flat
rate for planting costs at $14.51 per acre. The other two costs reimburse at 50% up to a
determined value. For herbicide, CP-38 compensates farmers for 50% of the cost up to
$27.20 per acre. Any additional cost above that value, the producers must pay for. The
determined values for seed are $295 per acre for native grass and $23.45 per acre for
switchgrass. The native grass seed costs are the most volatile, as they can range year-toyear anywhere from $120 and $320 per acre.
The practice incentive payment is a reimbursement payment based on the cost
share. For planting costs, enrollees will receive 80% of the $14.51 per acre, even though
they do not bear that cost. For seed and herbicide, they will receive 80% of the costs they
incur. Through the cost share and practice incentive payments, farmers are paying just
10% of the establishment costs. Producers receive two other minimal cost credits. The
mid-contract management responsibilities payment is a 50% reimbursement up to $50 per
acre for land upkeep in years four, five, and six. In each of those years, producers are
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expected to do maintenance on a third of the land enrolled. The maintenance fee is an
annual payment of $5 per acre for any general upkeep of the land, like weed control.
Table 2.1 shows the payments a farmer would receive if they enrolled in CP-38 and
harvested the switchgrass.

Table 2.1 Annualized CP-38 Payments with Harvesting Switchgrass ($/acre)
Annualized Payment
Payment Type

( 10 Year Contract)

Soil Rental Rate Payment

$266.00

Signing Incentive Payment

$22.19

Cost Share Payment

Practice Incentive Payment

Planting

$2.15

Herbicide

$2.01

Switchgrass

$0.43

Native Seed

$16.37

Planting

$1.72

Herbicide

$1.61

Switchgrass

$0.35

Native Seed

$13.09

Mid-Contract Responsibilities Payment

$5.07

Maintenance Fee Payment

$5.00

Harvest Penalty

-$16.63

Total

$319.36

However, current CRPs are not intended for biomass production. Under CP-38,
about 25% of the land enrolled is switchgrass, and there is a 25% penalty on the SRR
payment for each acre that is harvested. We assume the soil rental rate is $266 per acre,
also the assumed land rent in our model, and they are penalized for harvesting the
switchgrass. The result is a ten-year, annualized payment, assuming a 10% discount rate,
of $319.36 per acre. Without the harvest penalty, the payment per acre would be $335.99.
This study will present modifications to CP-38 that will encourage switchgrass
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production, while maintaining the ecosystem and environmental goals of the program.
The modifications will be explained in Section 4.4.2.

2.5.3

Soil Health and Income Protection Program

The Soil Health and Income Protection Program (SHIPP) was recently introduced by
South Dakota Senator John Thune to be included in the 2018 Farm Bill (Thune, 2018).
This program is a short-term (3-5 years) modification to a CRP. SHIPP compensates
farmers at one-half of the CRP soil rental rate payment. Under the proposed SHIPP
regulations, farmers can enroll up to 15% of cropland that was planted as a commodity
crop for at least three consecutive years. The farmers get to choose the converted SHIPP
land, because legislators intend they will select their least productive, marginal acreage.
In addition to the annual payment, farmers will receive a 2% increase on their insurance
premium subsidy for insured crops on their land registered under the same Farm Serial
Number (FSN) as the SHIPP acres. The government often subsidizes farmers’ crop
insurance, so this would increase the subsidy they receive by 2%. Farmers may harvest
the SHIPP perennial grass acres for seed once the nesting and brood rearing period is
over, but will incur a 25% reduction in their annual payment for those acres. An example
for a Central Iowa farm is shown below. The example utilizes crop insurance premium
subsidy rates from a paper by Zuluaf and the premium calculator from the University of
Illinois at Urbana-Champaign (UIUC, 2017, Zuluaf, 2016). SHIPP is aligning biomass
production and conservation practices, but it is still not intended for increasing biomass
feedstock. Table 2.2 shows the payments a farmer would receive if they enrolled in
SHIPP and harvested the switchgrass. We assume the soil rental rate is $266 per acre and
they are penalized for harvesting the switchgrass. The result is a five-year, annualized
payment, assuming a 10% discount rate, of $118.12 per acre. Without the harvest penalty,
the payment per acre would be $134.75. This study will analyze the effect of the SHIPP
program on switchgrass in a LDS. However, modifications to both SHIPP and CP-38 will
be made to examine their future viability of promoting switchgrass in a LDS.
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Table 2.2 Annualized SHIPP Payments with Harvesting Switchgrass ($/acre)
Payments

Annualized Payment for 5 Year Contract

Soil Rental Rate

$133.00

Insurance Subsidy

$1.74

Harvest Penalty

-$16.63

Total

$118.12
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DATA

3.1

Soldavini and Tyner’s Base Model
The base model for the switchgrass breakeven price analysis comes from Soldavini

and Tyner. They also determined breakeven prices for switchgrass in a LDS (Soldavini
and Tyner, 2018). This section will outline the assumptions and sources for both the corn
and switchgrass portions of their model. We will detail all changes made to their model
for our analysis. Lastly, we cover the additional data added to the model for policy
overlays and field property analysis in ArcMap.
3.1.1

Corn Budget
Soldavini and Tyner utilized 2016 crop budgets from the University of Nebraska

and Iowa State University to create an operation budget to produce and harvest corn for a
normal contiguous cornfield. Their budget is broken down into two sections: field
operations and materials & services. We make the same assumptions regarding the corn
budget as Soldavini and Tyner. These include a labor cost of $13 hr-1 and a $2.25 gal-1
fuel price (Klein, et al., 2015, Plastina, 2016). Soldavini and Tyner assumed a uniform
170 bu acre-1, but this study will use field-specific corn yields for the calculation of BAU
and LDS corn revenues. This data is described more in Section 3.3. To calculate market
corn price with and without land costs, we will utilize the average yield across the 11
fields to compute the associated average breakeven cost of corn. We detail these
equations in Section 4.2.1.
The corn budget utilizes values from the University of Nebraska’s Corn, No-Till,
Bt & ECB, after Soybean budget, which assumes a 170 bu acre-1 actual yield (Klein, et
al., 2015). Additionally, the budget uses input values from Iowa State University’s 2016
Ag Decision Maker. The cost of drying corn and hauling corn comes from Iowa State
University’s Corn Drying Cost Calculator and the University of Tennessee’s Grain
Hauling Cost Calculator, respectively (Edwards, 2018, Smith, 2018). For our model, we
partition the corn production costs into three categories including material & services
(Table 3.1), non-harvest field operations (Table 3.2), and harvest (Table 3.3).
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Type of
Input
Fertilizer

Herbicide

Insecticide

Seed
Other

Table 3.1 Corn Production Materials & Services Costs ($/acre)
Input
%
Application Unit Applied
Cost
Specific
Acres
Rate
Price
($/acre)
Applied (unit/acre)
($/unit)
10-34-0
1.0
6.0
gallons $2.80
$16.80
32-0-0

1.0

186.0

pounds
N

$0.47

$87.42

21-0-0-24s

0.5

1.7

Pound

$0.35

$0.30

21-0-0-24s

1.0

2.5

pound

$0.35

$0.88

2,4-D
Ester 4#
Expert

0.5

1.0

pint

$2.56

$1.28

1.0

3.0

quart

$9.25

$27.75

Glyphosate
w/Surf
Status

1.0

32.0

ounce

$0.13

$4.16

0.5

2.5

ounce

$4.30

$5.38

Brigade
2EC
Capture
LFR
Mustang
Max Ec
Corn Seed
Bt & ECB
Scouting
Dryland
Corn
Crop
Insurance
Misc.
Costs

0.1

5.1

ounce

$1.13

$0.58

0.2

6.6

ounce

$2.81

$3.71

0.2

2.0

ounce

$1.48

$0.59

1.0

30.0

$3.71

$111.30

1.0

1.0

1000s
seed
acre

$7.00

$7.00

1.0

1.0

acre

$24.00

$24.00

1.0

1.0

acre

$15.00

$15.00

Spray

0.3

1.0

acre

$7.00

$2.10

Corn Production, Materials & Services Cost (CCM&S)

$308.24

Source

Klein et
al. 2015
Klein et
al. 2015,
Plastina
2016
Klein et
al. 2015
Klein et
al. 2015
Klein et
al. 2015
Klein et
al. 2015
Klein et
al. 2015
Klein et
al. 2015
Klein et
al. 2015
Klein et
al. 2015
Klein et
al. 2015
Plastina
2016
Klein et
al. 2015
Klein et
al. 2015
Soldavini
and Tyner
2018
Klein et
al. 2015

35
Table 3.2 Corn Production, Non-Harvest Field Operations Costs ($/acre)
Fuel Power Costs
Implement
Total
and (Repair and Costs (Repair
Costs
Lube Ownership and Ownership) ($/acre)

Source

$0.65

$0.27

$1.44

$1.52

$3.88

Klein et
al. 2015

Spray Fertilizer $0.65

$0.27

$1.44

$2.40

$4.76

Klein et
al. 2015

Field Operation Labor

Spray Spring
Burndown
Herbicide

Plant No-Till

$1.56

$0.87

$3.59

$11.07

$17.09

Klein et
al. 2015

Spray

$0.65

$0.27

$1.44

$1.52

$3.88

Klein et
al. 2015

Spray

$0.33

$0.14

$0.72

$0.76

$1.95

Klein et
al. 2015

Corn Production, Non-Harvest Field Operations Cost (CCNHFO)

$31.56

Table 3.3 BAU Corn Production, Harvest Costs ($/acre)
Operation

Cost ($/acre)

Haul Grain Bushels to
Refinery

$35.70

Dry Grain, 5 points removed

$20.83

Combine with Corn Header

$27.69

Carting Grain to Storage

$13.97

BAU Corn Production,
Harvest Cost (CCHRVBAU)

$98.18

Source
Smith 2013,
Soldavini and
Tyner 2018
Edwards
2018,
Soldavini and
Tyner 2018
Klein et al.
2015
Klein et al.
2015
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3.1.2

Landscape Design Corn Budget
It is important to adjust the corn budget in a LDS to reflect the added inefficiency

of navigating around switchgrass subfields to harvest corn. The costs outlined in the
previous tables assume that the field consists solely of corn. For a LDS, the farmer will
not face added constraints for planting, because we assume they can drive through
switchgrass stubble during the spring. Thus, we assume that LDS corn production
materials & services and non-harvest field operations costs are the same as BAU. Only
the harvest cost portion of LDS corn production will differ from BAU corn production.
The LDS corn harvest costs are presented in Table 3.4. Farmers will face additional costs
during harvest, because they will have to operate around mature switchgrass subfields
that have yet to be harvested. Soldavini and Tyner note this inefficiency through
adjusting values of machinery use, labor, and fuel for harvest.
There are four categories of harvest costs: using a combine with corn header to
harvest corn, carting the grain to storage, drying the grain from 20% to 15%, moisture,
and hauling the grain to an elevator. They assume employing a LDS will only affect the
first two of those costs. They define field efficiency as the number of acres covered by
machinery in an hour, so they decrease field efficiency for those two cost categories by
10%. Soldavini and Tyner use the Iowa State University Machinery Cost Calculator to
calculate the associated harvest costs with the a 10% efficiency decrease (Edwards, 2018,
Smith, 2018).

Table 3.4 LDS Corn Production, Harvest Costs ($/acre)
Operation

Cost ($/acre)

Haul Grain Bushels to Refinery

$35.70

Dry Grain, 5 points removed

$20.83

Combine with Corn Header
Carting Grain to Storage

$36.10
$19.14

Total LDS Corn Production
Harvest Costs (CCHRVLDS)

$111.76

Source
Smith 2013, Soldavini and
Tyner 2018
Edwards 2018, Soldavini
and Tyner 2018
Klein et al. 2015
Klein et al. 2015
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3.2

Switchgrass Budget and Assumptions
For this study, we utilize the switchgrass budget created by Soldavini and Tyner.

They derived their budget assuming a standard, contiguous field of switchgrass, and then
they modified the harvest cost portion to reflect switchgrass production costs in a LDS.
Their budget represents the average cost of establishing and maintaining switchgrass in
Iowa. Their main sources are: personal communication with Burton English of the
University of Tennessee, Iowa State University’s 2016 Ag Decision Maker Crop
Production Cost Budgets, and a 2015 switchgrass budget by Iowa State (English, 2016,
Hoque, et al., 2015, Plastina, 2016). Soldavini and Tyner also consulted switchgrass
budgets from Oklahoma State University and Penn State University (Griffith, et al., 2010,
Jacobsen and Helsel, 2014). The five sections of Soldavini and Tyner’s switchgrass cost
budget are: establishment, maintenance, harvest, storage, and transportation. Our
budget’s key assumptions are nearly the same as Soldavini and Tyner’s and are listed
below:
1. The production life of switchgrass stands will be 10 years, with all establishment
costs incurred in year one (Soldavini and Tyner, 2018).
2. Mature yield is six dry tons per acre and is reached in year three (Hoque, et al.,
2015).
3. Switchgrass yield in year one and two is 1.20 and 2.88 tons per acre, respectively
(Soldavini and Tyner, 2018).
4. Inflation is zero throughout the life of the switchgrass stand, so nominal and real
values are equal (Soldavini and Tyner, 2018).
5. Net present value (NPV) calculations use a 10% discount rate, and the interest
rate on operating expenses is 5% (Soldavini and Tyner, 2018).
6. The weight of a large square, switchgrass biomass bale is 1323 pounds (English,
2016).
7. The assumed labor rate is $13 per hour (Plastina, 2016), except truck labor is
assumed to be $22 per hour (Soldavini and Tyner, 2018).
8. The assumed fuel price is $2.25 per gallon (Klein, et al., 2015).
9. All values are constant in real terms through the stand’s duration (Soldavini and
Tyner, 2018).
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10. We assume a landscape design system results in a 10% decrease in field harvest
efficiency (Soldavini and Tyner, 2018).
11. Land rent is assumed to be $266 per acre for all fields in the study, because the
range of corn yield is not significantly different between the fields. The minimum
and maximum average corn yield across all fields is 154.1 and 181.5 bushels per
acre, respectively.
3.2.1

Switchgrass Establishment and Maintenance Costs
Soldavini and Tyner break down the switchgrass establishment costs into

materials, machinery, and labor. The switchgrass establishment costs for this study are
presented in Table 3.5. The establishment machinery costs include the use of a 15-foot
fold-up rotary mower, a sprayer with 60’ boom, a no-till planting drill, and a 150-horse
power (hp) tractor. Table 3.6 contains all of the relevant information and assumptions for
Soldavini and Tyner’s machinery establishment costs, which are from the University of
Tennessee (UTExtension, 2009).
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Table 3.5 Switchgrass Establishment Cost Summary
Constant
Name

Item

Seed
P2O5
K2O
Fall
Glyphosate
Spring
Glyphosate
PostEmergence
Herbicide
Broadload
Herbicide

Price
($/unit)

Cost
($/acre)

Materials & Services (SECM&S)
lbs
5.00
lbs
40
lbs
80

$20.00
$0.45
$0.35

$178.75
$100.00
$18.00
$28.00

qt

1

$4.10

$4.10

qt

1.5

$5.10

$7.65

pint

2

$8.00

$16.00

UT Extension
2009

pint

2

$2.50

$5.00

UT Extension
2009

Unit

Quantity
(unit/acre)

Machinery (SECMAC)

$25.57

Operating
Costs

$22.23

SECLAB
hrs
0.7
$13.00
Total Cost of Establishment ($/acre)
With 25% Replanting Probability (SCEST)
Annualized Cost with 25% Replanting Probability
(SCESTANN)

English 2016
Plastina 2016
Plastina 2016
UT Extension
2009
UT Extension
2009

$47.80

Ownership
Costs

Labor

Source

$9.10
$235.65
$294.56

English 2016,
ASABE
Standards 2010
English 2016,
ASABE
Standards 2009
Plastina 2016

$43.58

Table 3.6 Switchgrass Establishment Costs, Machinery Assumptions
Assumed Useful Machine Labor
Purchase
Life
Time
Hours
Price ($) (years) (acre/hr) (acre/hr)
Rotary Mower, 15', Fold-Up
13250
2000
0.03
0.0375
Sprayer, 60' Boom
8400
1500
0.03
0.0375
No-Till Drill
32000
1500
0.24
0.3
Tractor, 150-hp, W/Cab, Air 150000 12000
0.07
0.0875
Equipment

Source
UT Extension 2009
UT Extension 2009
UT Extension 2009
UT Extension 2009
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The maintenance costs for switchgrass include herbicides, fertilizer, machinery,
and labor. Table 3.7 reviews the maintenance costs. The maintenance machinery costs
include a 150-hp tractor and a sprayer with a boom to apply herbicide and fertilizer.
Soldavini and Tyner assume maintenance costs are incurred in years 2-10, and this study
will make the same assumption. The amount of labor time to operate the machinery is
calculated and assumed to be 0.1625 hours per acre (Soldavini and Tyner, 2018). This
study calculates the associated labor cost at $2.11 per acre, resulting in an annual
maintenance cost of $50.06 per acre for years 2-10.

Table 3.7 Annual Switchgrass Maintenance Cost ($/acre) Summary
Item

Description or
Constant Name

Unit

Quantity
Price
(unit/acre) ($/unit)

Materials & Services (SMCM&S)
Nitrate
PostEmergence
Herbicide

Fertilizer
Herbicide

lbs
pint

60.00
1

Cost
($/acre)
$42.20

$0.57
$8.00

Machinery (SMCMAC)

$34.20
$8.00

150-hp tractor,
sprayer with
boom

$3.33

Operating
Costs

150-hp tractor,
sprayer with
boom

$2.41

Labor

SMCLAB

0.1625

$13.00

Annual Switchgrass Maintenance Cost (SCMAI)

3.2.2

English 2016
UT Extension
2009

$5.74

Ownership
Costs

hrs

Source

$2.11

English 2016,
ASABE
Standards
2010
English 2016,
ASABE
Standards
2009
Plastina 2016

$50.06

Switchgrass Harvest Costs
Soldavini and Tyner assume that switchgrass harvest will begin in year 1, but will

be limited to a 1.20 dry ton per acre yield. They use a yield of 2.88 dry tons per acre in
year two before assuming the switchgrass stand will register a mature yield of 6 tons per
acre for the remaining 8 years. Furthermore, the switchgrass harvest will use a custom
harvester and there will be a 10% decrease in field efficiency. This study will make the
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same assumptions. The decrease in efficiency is due to the small plots of switchgrass
necessitating more turns and complex navigation. This decrease corresponds to an
increase in fuel usage, labor, lubrication, repair, and maintenance costs of each machine.
Soldavini and Tyner also adjust all harvest components’ times, because it takes longer to
perform each task.
There are two tractors and two attachments involved in switchgrass harvest, along
with associated labor, fuel, and repairs. The first is a 150-hp tractor with cab and air
conditioning and a mower conditioner attachment, and the second is a 215-hp tractor with
cab and air conditioning with an attached 3’x4’x8’ large rectangular baler. Soldavini and
Tyner apply a 10% increase in fuel, lubrication, and maintenance cost and 10% decrease
in field efficiency for both tractors. The mower and baler attachments have a 10%
increase in lubrication and maintenance costs in addition to a 10% decrease in field
efficiency. This study utilizes both of these assumptions. The total switchgrass harvest
cost on field j of farm i for year t is summarized in Equation 3.1.
𝑆𝑆𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆−𝑖𝑖,𝑗𝑗

𝑆𝑆𝐶𝐶𝐻𝐻𝐻𝐻𝐻𝐻−𝑡𝑡,𝑖𝑖.𝑗𝑗 = (𝑆𝑆𝑆𝑆𝐶𝐶𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 + (𝑆𝑆𝑆𝑆𝐶𝐶𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 ∗ +𝑌𝑌𝑌𝑌𝐷𝐷𝑆𝑆−𝑡𝑡 ) + �
3.1

𝐴𝐴𝑆𝑆−𝑖𝑖,𝑗𝑗

�+(

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆−𝑖𝑖

)

𝑆𝑆𝐶𝐶𝐻𝐻𝐻𝐻𝐻𝐻 −𝑡𝑡,𝑖𝑖,𝑗𝑗 is the annual harvest cost ($ acre-1) on field j of farm i for year t.

𝑆𝑆𝑆𝑆𝐶𝐶𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 is the machinery harvest cost ($ ton-1) that varies with yield, which is composed

of the 215-hp tractor (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆215𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶) and baler attachment (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆) costs.

This machinery cost varies with yield, because the higher yield the more machine time it
will take to bale the switchgrass. 𝑆𝑆𝑆𝑆𝐶𝐶𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 is the machinery cost ($ acre-1) that does not

vary with yield, which is composed of the 150-hp tractor (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆150𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶) and mower
attachment (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆) costs. These harvest cost constants are summarized in
Table 3.8. 𝑌𝑌𝑌𝑌𝐷𝐷𝑆𝑆−𝑡𝑡 is the switchgrass yield for year t, which is 1.2 tons acre-1 in year 1,
2.88 tons acre-1 in year 2, and 6 tons acre-1 in years 3-10.

Table 3.8 contains the individual costs of moving the 150-hp tractor, the 215-hp
tractor, the baler attachment, and the mower attachment. We use these constants to
compute the cost of moving the equipment between the subfields of field j on farm i. The
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𝑆𝑆𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆−𝑖𝑖,𝑗𝑗 ($ acre-1) is the unique cost of moving the switchgrass harvest equipment

between each switchgrass subfield for a given field j on farm i. We assume the machinery
speed to be 4 miles per hour between subfields. Table 3.9 provides an example of these
computational values, but we will explain this process in detail in the methodology
section. The final constant in the harvest cost equation is 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆. This constant

is the cost of moving harvest equipment to the first field and from the last field of farm i.
This value assumes the distance between the groups of fields on a farm and the location
the equipment is stored. We assume the same value as Soldavini and Tyner, at $57.45.

Table 3.8 Switchgrass Harvest Cost Constant Assumptions
Harvest Cost Constant

Constant Name

Value

Unit

Source

Annual SG Variable Harvest Cost

SHCYVAR

18.52

$/ton

English 2016

Annual SG Fixed Harvest Cost
Mower Conditioner Operating
Cost
Tractor 150 HP Operating Cost
Tractor 215 HP Operating Cost
Large Rectangular Baler
Operating Cost

SHCYFIX

30.85 $/acre

English 2016

SGMOWERCOST

9.53

$/hr

English 2016

SGTRA150COST
SGTRA215COST

48.02
68.83

$/hr
$/hr

English 2016
English 2016

SGBALERCOST

85.11

$/hr

English 2016

$

Soldavini
and Tyner
2018

SG Cost to 1st Field and From
Last Field

SGTRAVELCOST 57.45

Table 3.9 Cost of Moving Machinery ($/acre) Between Switchgrass Subfields of
Fields 2A and 2B

Field
2A
2B

Distance Traveled Subfield Mower, 150-hp
Between
Travel
Tractor Cost to
Subfields (miles) Time (hrs)
Travel ($)
0.227
0.241

0.057
0.060

$3.26
$3.46

Baler, 215-hp
Tractor Cost
to Travel ($)

SHCSUB-i,j
($/acre)

$8.72
$9.26

$11.98
$12.72
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3.2.3

Switchgrass Storage and Transportation Costs
This study, like Soldavini and Tyner, will assume the harvested switchgrass bales

are stored at the edge of the field on pallets covered with tarps. The process of
transporting the bales to the end of the field is called staging. Loading is the process of
placing the bales onto a semi-tractor trailer truck with a front-end loader. Some have
deemed the switchgrass storage portion of the model by Soldavini and Tyner to be more
expensive than literature estimates. However, their storage costs include staging and
loading. Therefore, this substantiates why the annualized storage cost for a ten-year
project is $33.61 ton-1. Other studies do not commonly include the staging and loading
costs of storage in their estimates. For example, two studies estimate switchgrass storage
costs for an enclosed structure to be around $16 ton-1 (Cundiff and Marsh, 1996, Duffy,
2007). Soldavini and Tyner elect to store the switchgrass using pallets and tarps at the
end of the fields. This cost alone runs just $4.10 ton-1, and the remaining cost is for
staging and loading. While this may not be the same approach used in other analyses,
Soldavini and Tyner’s final switchgrass breakeven price is similar to other estimates.
This model calculates the storage cost for each field utilizing three constants representing
the costs of staging, the pallet and tarp, and loading. Table 3.10 presents these costs.

Table 3.10 Switchgrass Storage Cost ($/ton) Constants
Storage Cost

Constant
Name

Value
($/ton)

Source

Staging

SSCSTA

$14.41

English 2016

Pallet & Tarp

SSCP&T

$4.10

English 2016

Loading

SSCLOA

$14.93

English 2016

Table 3.11 summarizes the transportation costs from Soldavini and Tyner. The
hourly cost of each input is divided by the assumed machine time of the semi-tractor
trailer, 0.13 hours ton-1. We sum the resulting values to create a transportation constant of
$16.40 ton-1, and multiply this value by the annual yield to get an annual transportation
cost. Year 1, year 2, and years 3-10 will each have different transportation values,
because the yields are different in those respective periods.
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Table 3.11 Switchgrass Transportation Costs, Semi-Tractor Trailer
Item
Diesel Fuel
Lubrication
Repair, Maintenance
Ownership Costs
Operating Costs
Truck Labor
Tractor Trailer Transportation
Costs, STCTRAIL
Assumed Machine Time
(tons/hr)

3.3

Cost
($/hr)
$54.74
$8.21
$21.74

Cost
($/ton)
$7.29
$1.09
$2.89

$8.64
$2.40
$22.00
$117.74

$1.15
$0.32
$3.66
$16.40

Source
English 2016
English 2016
English 2016, ASABE
Standards 2009
Soldavini and Tyner 2017
Soldavini and Tyner 2017
Soldavini and Tyner 2017

0.13

ArcMAP Data
In order to determine each field’s geometry in a LDS, we obtained data for various

fields throughout Central Iowa from EFC Systems. They have a precision agriculture and
multi-criteria management software that allows producers to make better management
decisions for their fields. Their model is similar to Landscape Environmental Assessment
Framework (LEAF). This model utilize multiple US data set like the county-level grain
yields, and the Soil Survey Geographic Database (SSURGO). Their model integrates this
data with user level data for the field, like management practices and the specific region’s
characteristics. Then, they are able to model ROI, grain yields, and nitrate leaching rate
across each field at a fine granularity using a combination of various model like the
Revised Universal Soil Loss Equation Version 2 (RUSLE2) and the daily time-step
version of the CENTURY biogeochemical model (DAYCENT).
We received profitability and environmental data for five farms in the form of
Tagged Image Files (TIF). These five farms had 11 total fields. For each of these fields,
we received the return on investment (ROI), yield, change in organic carbon, water
erosion, and nitrate leaching data sets. The ROI and yield data is available in multi-year
average TIF files. The environmental data sets were annual. The years, and number of
years, varied for each farm. In addition, EFC Systems provided field boundaries, soil
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types, and elevation for each field. This data was imported into ArcMap 10.5 for field
geometry analysis that will be explained in detail in the methodology section.

3.4

Policy Information and Data
For the Conservation Reserve Program (CRP) policy, FDC Enterprises provided

detailed information, payment plans, and procedures relating to CP-38. This information
will be used to create a CRP related policy that permits biomass production. Additionally,
the structure of the CRP will be tailored to fit our model, but the payment magnitude will
be unchanged. Information for the second policy, The Soil Health and Income Protection
Plan (SHIPP), was obtained through a press release for Senator John Thune of South
Dakota (Thune, 2018). SHIPP is proposed to be included in the 2018 Farm Bill. Sections
2.5.2 and 2.5.3 outline the regulations of CRP and SHIPP policies, respectively. We will
detail how these payments and guidelines will be integrated into our model in Section
4.4.
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METHODOLOGY

This chapter is divided into the two main sections of our methodology: ArcMap and
the breakeven price model. The goal of this research is to determine the switchgrass
breakeven price for the various fields and the geometries of subfields applied to them.
The ArcMap section explains field geometry creation and the extraction of their
respective properties to input into the breakeven price model. Additionally in the ArcMap
section, we define the economic and environmental criteria used to create different
geometries for a given field. The second section explains the breakeven price model,
which uses field geometry data from ArcMap to compute the subsequent switchgrass
breakeven price for that arrangement. This section also explains the integration of
environmental improvements and valuations into the breakeven price model. The final
portion of the breakeven price model section is describing the policies added to the
model. Both the policy and environmental valuations will help show the potential
breakeven price of switchgrass if either of those instruments are applied.

4.1

ArcMap
This section outlines the work done in ArcMap 10.5. The main tasks performed in

ArcMap are converting and manipulating raster files, creating field geometry, and
calculating subsequent subfield areas, distances, and properties. These tasks help extract
important data (yield, nitrate leaching, SOC change, and water erosion) of the subfields
utilized in the breakeven switchgrass price model.
4.1.1

File Conversion and Raster Manipulation
We obtained annual TIF files for each field’s nitrate leaching rate and changes in

soil organic carbon, but multi-year average TIF files for each field’s ROI, water soil
erosion, yield. Therefore, we want to create multi-year average nitrate leaching rate and
soil organic carbon change TIFs as well. First, each field’s set of annual nitrate leaching
TIF files is added into the “Raster Calculator” tool in ArcMap. We then divide this sum
of TIF files by the number of files. This process creates a multi-year average TIF file for

47
nitrate leaching for that field. We use the same process to get the multi-year average
change in soil organic carbon file for each field.
In order to extract and utilize TIF file data, each TIF file is converted in ArcMap.
For each field, all field property TIF files (nitrate leaching, soil organic carbon change,
ROI, and yield) are converted to point layers using the “Raster to Point” tool. The point
layer creates a matrix, where each point is associated with its latitude and longitude field
position and the respective coordinate’s property value. We export the point layer data to
Microsoft Excel to determine criteria for the field geometry. Additionally, each field’s
boundary raster file is converted to a polygon layer using the “Raster to Polygon” tool.
An example of a raster and point layer is shown in Figures 4.1 and 4.2, respectively.
Then, each field’s boundary layer is joined with each property point layer. This process
creates a field boundary layer that contains the average, maximum, minimum, standard
deviation, and sum for each field property. Finally, we export this data to Microsoft Excel
to use in the breakeven price model explained in a later section.

Figure 4.1 Field 5A Corn Yield TIF File
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Figure 4.2 Field 5A Corn Yield Point Layer

4.1.2

Profitability Criteria for Field Geometry
One purpose of this study is to examine if changing field geometry can impact the

breakeven price of switchgrass. We use two criteria to create two geometries based on
profitability for a given field to test this hypothesis. The field geometry specifies the
portions of each field that will be designated for switchgrass or corn production under a
LDS.
We begin this process by exporting each field’s point BAU ROI and corn yield to
Microsoft Excel in the process described in the previous section. Then, for each field’s
BAU case, we run a simple OLS regression in Microsoft Excel describing ROI as a
function of corn yield. We used this regression, because the data obtained likely uses corn
yield as an input to compute each field’s ROI. The p-value for all of the regressions was
zero. Additionally, yield is debatably the most important variable in describing a field’s
ROI for corn production. Utilizing the resulting equation, we find the yield value
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associated with a 0% and 5% ROI for each field. These are the two thresholds we use for
what we term “low willingness to convert (low WTC)” and “high willingness to convert
(high WTC)”. Table 4.1 shows the mean and standard deviation of each field’s BAU corn
operation. Additionally, the third and fourth columns show the BAU corn yield
associated with 0% and 5% ROI for each field. Note the yields associated with 0% and
5% ROI for Fields 3B, 4A, and 5A are higher than the mean. For these three fields, we
could not create field geometries for our high willingness to convert criterion. This
criterion and why these specific fields generated yields associated with 0% and 5% ROI
higher than the mean will be explained later in the section.

Table 4.1 Corn Yield (bushels per acre) Associated with 0% and 5% ROI for Each Field,
and the Mean Yield and Standard Deviation
Field
1A
1B
1C
1D
2A
2B
3A
3B
4A
4B
5A

Mean
172.07
179.51
181.49
175.03
163.70
170.57
173.13
161.97
154.08
171.42
169.39

Standard Deviation
12.92
16.19
13.57
12.64
27.25
14.40
13.37
15.34
9.88
12.68
22.83

0% ROI Yield
160.65
175.46
161.70
154.84
151.15
163.10
163.42
167.80
156.93
157.86
174.37

5% ROI Yield
168.65
183.83
169.63
162.37
158.93
171.68
171.64
176.24
164.52
165.24
183.09

The purpose of WTC is to determine if creating larger subfields of switchgrass,
potentially removing profitable corn area, will decrease switchgrass breakeven price
through operational efficiency. Low WTC represents farmers who are relatively
unwilling to convert land to switchgrass, and thus will only convert land if its corn yield
is associated with less than 0% ROI. High WTC represents farmers who are relatively
willing to convert land to switchgrass, and thus will convert land if its corn yield is
associated with less than 5% ROI. The low WTC field geometry is embedded in the high
WTC field geometry. The high WTC geometry marginally expands the area of the
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switchgrass subfields of the low WTC geometry for a given field, because farmers can
convert land to switchgrass up to a higher yield value.
For both low and high WTC, we convert some land above its ROI limit in order to
maintain reasonable field geometries. We define a reasonable field geometry to be one
where the switchgrass subfields are generally rectangular in nature and do not create
irregular patches of corn area. Reasonable field geometries are necessary, because we
need to maintain geometries that machines can navigate for mechanical and operational
efficiency. Additionally, we assume a high WTC farmer is more willing to convert land
above its ROI criteria to switchgrass for the purpose of efficiency. This means land above
5% ROI can be converted in order to create larger, contiguous switchgrass subfields.
Figures 4.3 and 4.4 demonstrate the difference between subfield geometries for low and
high WTC for Fields 1A and 1B.

Figure 4.3 Field 1A and 1B Field Geometry for Low WTC Criterion
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Figure 4.4 Field 1A and 1B Field Geometry for High WTC Criterion
We will use low WTC and Field 1B as an example to outline how a field’s
geometry is created in ArcMap. First, we develop a color scale that highlights points
around the target value, in this case the yield associated with 0% for field 1B. Then, we
apply this color scale to the Raster file for Field 1B’s corn yield. Using the “Drawing”
tool, we mapped polygons around values below or near the target value. These polygons
represent the switchgrass subfields. In order to maintain a reasonable field geometry,
subfields must be at least 3 blocks wide, where each block is 0.012 km by 0.012 km. The
polygon drawings are converted to a subfield feature layer. Using the “Union” tool, we
combine the field’s boundary layer and the subfield feature layer to generate the field
1B’s geometry layer for the low WTC criterion. Figures 4.3 and 4.4 show field 1B’s low
and high WTC field geometry. This process is repeated to form geometries for each field
and associated criterion.
We produced low WTC geometries for all fields, but high WTC geometries for
eight fields. We could not create field geometries based on the high WTC criterion for
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Fields 3B, 4A, and 5A. The yield associated with 5% ROI for each of those fields were
ultimately too high, and we would end up converting 75 to 90 percent of the field to
switchgrass. Figure 4.5 and 4.6 demonstrate this issue with Field 3B. Figure 4.6 shows
Field 3B’s corn yield histogram. Field 3B’s corn yield deviated from a more typical,
normally distributed corn yield histogram, shown in Figure 5.2. The tail of lower yields
has higher counts thus dragging the mean down. This is the case for Fields 4A and 5A as
well, and it makes the mean of the field lower than the yield associated with 0% ROI.
The yield associated with 5% ROI for Field 3B is 176 bushels per acre, so under high
WTC criterion, corn production can only be on blue portions of the field. Additionally,
we convert some areas above 176 bushels per acre to switchgrass to maintain reasonable
field geometries. Therefore, we would have to convert nearly all of the field to
switchgrass, which strays from the principle of a LDS.

Figure 4.5 Field 3B Corn Yield, Example of Field Unqualified for High WTC Criterion
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Figure 4.6 Field 3B’s Corn Yield Histogram

4.1.3

Environmental Criteria for Field Geometry
The second set of criteria for field geometry uses environmental properties and

profitability to create switchgrass subfields. This set of criteria was applied to three of the
fields, 1C, 3B, and 5A, to find the effect on breakeven price when we align economic and
environmental criteria. We selected these fields, because they have reasonable patterns of
nitrate leaching and water erosion. A reasonable pattern ties back to the idea of a
reasonable field geometry. Field 1A represents the other fields, whose environmental
properties did not agree with creating reasonable field geometries. Figure 4.7 shows the
dichotomy between Field 1A’s nitrate leaching pattern and Field 5A’s nitrate leaching
pattern in Figure 4.8.
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Figure 4.7 Field 1A Nitrate Leaching Rate Multi-Year Average

Figure 4.8 Field 5A Nitrate Leaching Rate Multi-Year Average
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We formed four field geometries for each of those fields based on its economic
and environmental characteristics. The first two criteria are solely based on
environmental properties. The first field geometry is based on just nitrate leaching. We
will use Field 5A as an example. Using the data from Field 5A’s nitrate leaching, we
determined a target value to create subfields. Farmers will convert land to switchgrass if
the nitrate leaching rate is one-half standard deviation higher than the mean for Field 5A.
This metric produced the most contiguous subfield plots for both nitrate leaching and
water erosion for all fields. Table 4.2 displays the statistics and target value for each
field’s nitrate leaching and water erosion rates. Using the steps outlined at the end of
Section 4.1.2, we generated Field 5A’s nitrate leaching geometry layer in ArcMap based
on the target value. The same steps were used to make nitrate leaching geometries for the
remaining fields. Using the same process, we created field geometries based on the water
erosion rates for each field. Figures 4.9 and 4.10 show the nitrate leaching and water
erosion geometries for Field 5A.

Table 4.2 Multi-Year Average, Standard Deviation, and Target Value for Annual Water
Erosion and Nitrate Leaching Rates for Fields 1C, 3B, and 5A
Water Erosion (tons/acre)

Nitrate Leaching (lbs. N/acre)

Field

Average

Standard
Deviation

Target
Value

Average

Standard
Deviation

Target
Value

1C

1.84

1.79

2.74

39.06

7.16

42.64

3B

1.29

1.11

1.85

41.72

8.57

46.00

5A

1.61

1.64

2.43

38.85

12.20

44.94
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Figure 4.9 Field 5A Geometry for the Water Erosion Criterion

Figure 4.10 Field 5A Geometry for the Nitrate Leaching Criterion

57

The third and fourth criteria are based on the three previous field geometries for
each field, combining both economic and environmental goals. The third criterion is the
ALL criterion. The ALL criterion states a farmer will convert area to switchgrass if it
meets each of the low WTC, nitrate leaching, and water erosion criteria. We completed
this analysis using the “Intersect” tool in ArcMap. This tool will output a layer that
contains only the spatial area that overlaps all of the input layers. Therefore, we entered
the low WTC, nitrate leaching, and water erosion subfield feature layers as the input. The
result is a layer that contains only the area that overlaps all three of the layers. Thus, the
output layer is the area that meets the requirements for all three of those criteria. Figure
4.11 shows this geometry for field 5A.

Figure 4.11 Field 5A Geometry for the ALL Criterion

58
The fourth criterion is the hybrid criterion. The hybrid criterion states that a
farmer will convert area to switchgrass if it meets both the low WTC and nitrate leaching
criteria, or both the low WTC and water erosion criteria. Essentially, the area must meet
the profitability criterion and at least one of the environmental standards. We created this
field geometry using the “Intersect” tool. First, we found the intersection layer of the low
WTC and nitrate leaching, then the intersection layer of low WTC and water erosion. We
merged these two intersection layers using the “Merge” tool to get the hybrid criterion
subfield feature layer. The merge tool simply merges the input layers into one layer. For
all three fields, the resulting field geometry contained a portion with unreasonable
cropping patterns. Therefore, we manually adjusted the subfield area to maintain feasible
cropping systems. We performed the adjustment for Field 5A in the central-eastern
portion of the field, and Figures 4.12 and 4.13 display this modification in the raw and
final hybrid field geometries, respectively. Each of the environmental-based field
geometries for all three fields are in the Appendix section.

Figure 4.12 Field 5A Geometry for the Hybrid Criterion, Raw Version
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Figure 4.13 Field 5A Geometry for the Hybrid Criterion, Final Version

4.1.4

Extracting Properties of Field Geometry and Subsequent Subfields
In order to calculate the unique switchgrass breakeven price for each field

geometry, we extract the property values (nitrate leaching rate, yield, etc…) of all
subfields for each field geometry. For a given subfield layer, we use the “Join” tool in
ArcMap 10.5 to spatially relate the field geometry layer with each field property point
layer. This creates a new layer that has the average, maximum, minimum, standard
deviation, and sum (AMMSS) of the respective field property for all points contained
spatially in each individual subfield. For example, when we join the field’s yield point
layer with a subfield layer, it will find the AMMSS of yield points within the spatial
boundaries of each individual subfield of the subfield layer. Therefore, we now have the
AMMSS of nitrate leaching rate, soil organic carbon change, water erosion rate, and yield
for each subfield and each field geometry. We export these subfield property values to
Microsoft Excel to incorporate into our breakeven price model.
In addition to the environmental and profitability properties values, we also
calculate the area of each subfield and the distances between each subfield for a given
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field geometry. We perform these calculations, because they are necessary to calculate
the associated harvest costs for the field geometry in a LDS. First, we project each field
geometry layer using the UTM Zone 15 WGS 1984 Projection, which Central Iowa fits
best. Once the layer is projected, we can calculate its area by adding a field property to its
attribute table. We use the “Calculate Geometry” function within the attribute table of the
respective layer to find each individual subfield area. We copy these values to Microsoft
Excel to utilize them in our breakeven price model. To find the distances between each of
the switchgrass subfields, we use the “Measure” tool. This tool allows you to find the
distance between any two points of a layer. Similarly, we copy these distances to
Microsoft Excel to compute the switchgrass harvest cost of the breakeven price model.

4.2

Breakeven Price Model
The purpose of the breakeven price model is to determine the necessary switchgrass

price that would make a farmer indifferent between business as usual (BAU) corn
production and converting to a LDS with switchgrass and corn. As mentioned in the data
section, this model largely replicates the switchgrass breakeven price model of Soldavini
and Tyner (Soldavini and Tyner, 2018). We will outline in this section how we model the
switchgrass breakeven price for a single study field and one of its field geometries. We
use a Microsoft Excel spreadsheet to create the model, which is divided into three
sections. The three sections of the spreadsheet are the main breakeven price calculation,
the environmental analysis, and the policy evaluation. Each of these sections are
explained in detail in Sections 4.2, 4.3, and 4.4, respectively. The variables used in
equations for all the sections are briefly summarized in Table 4.3. We apply this model to
find the breakeven price for each study field and each of its field geometries. The first
section of the model, breakeven price calculation, can be summarized in three steps:
1) Calculate the BAU net revenue. We assume BAU is producing corn for the whole
field. Therefore, we will find the breakeven cost of producing corn and then
assume 15% profit margin to calculate an approximate corn price. With an
assumed breakeven cost and price, we calculate the net revenue of the BAU case.
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2) Using the field geometry and its subsequent properties, determine the net revenue
from corn under the case of landscape design. This includes utilizing the
increased costs of harvesting corn in a LDS from Soldavini and Tyner.
3) Lastly, find the breakeven price of switchgrass. We find this by calculating the
cost of a 10 year switchgrass stand in a LDS and adding the change in lost
revenue between from BAU corn production and LDS corn production. This
value is converted to an annuity, then divided by annualized switchgrass yield to
find the switchgrass breakeven price, in $ ton-1.
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Table 4.3 Breakeven Price Model Variables
Variable
i
j
t
ACBAU-i,j
ACLDS-i,j
AS-i,j
ASFARM-i

YLDCLDS-i,j
YLDCBAU-i,j
YLDS-t
BCCBAU-i,j
BCCLDS-i,j
NRCBAU-i,j
NRCLDS-i,j
∆NRi,j
SCi,j
SCHAR-i,j,t
SHCSUB-i,j
STDi,j
SCSTO-t
SCTRAN-t
SCANN-i,j
STCi,j
BEPi,j
NLLDS-i,j
NLBAUi,j

Description
Units
The subscript that denotes a farm, which are numbered from 1 to 5.
The subscript that denotes a field within a farm, they are denoted by a
letter, A to D. For example, Field 1A is field A on farm 1.
The subscript that denotes the year of the variable, for years 1 to 10.
Total corn acreage for field ij in BAU corn production
acres
Total corn acreage for field ij in LDS corn production
acres
Total switchgrass acreage for field ij in LDS production.
acres
Total switchgrass acreage for farm i in LDS production. This value is
used to compute the cost of bringing machinery to and from the set of
acres
switchgrass subfields across the whole farm. In this study, farm have 14 fields.
The yield of the corn acreage present in field ij for the LDS corn
bushels/acre
production case.
The yield of the corn acreage present in field ij for the BAU corn
bushels/acre
production case.
The yield of switchgrass for year t in LDS production. This value is
tons/acre
1.20 in year one, 2.88 in year two, and 6.00 in years 3-10.
The per bushel breakeven cost of producing corn for field ij in the BAU
$/bushel
case.
The per bushel breakeven cost of producing corn for field ij in the LDS
$/bushel
case.
The net revenue from BAU corn production for field ij.
$
The net revenue from LDS corn production for field ij.
$
The change in net revenue between BAU and LDS corn production for
$
field ij.
The total switchgrass cost for field ij.
The per acre switchgrass harvest cost for field ij in year t.
The switchgrass harvest cost associated with maneuvering machinery
between the switchgrass subfields of field ij.
The total distance traveled between subfields of field j on farm i.
The per acre switchgrass storage costs for year t.
The per acre switchgrass transportation costs for year t.
The per acre switchgrass production cost annuity computed for field ij.
This value is found by finding the NPV of the ten-year stream of SC,
then finding the associated annuity assuming a 10% discount rate and
10 year lifespan.
The total switchgrass production cost for field ij.

$/acre
$/acre
$
miles
$/acre
$/acre
$/acre
$

The breakeven price for switchgrasss for field ij.
$/ton
The calculated annual average nitrate leaching for field ij under a LDS. lbs. N/acre
The annual average nitrate leaching for field ij under BAU corn
lbs. N/acre
production.
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Table 4.3 continued

NLCi,j
NLSi,j
NLIi,j
NLIVi,j

The annual average nitrate leaching for the corn portion of field ij in a
lbs. N/acre
LDS.
The annual average nitrate leaching for the switchgrass portion of field
lbs. N/acre
ij in a LDS.
The annual average nitrate leaching reduction for field ij when a
lbs. N/acre
producer converts from BAU corn production to a LDS.
The dollar valuation of the annual average nitrate leaching reduction for
field ij when a producer converts from BAU corn production to a LDS.

SOCLLDS-i,j The calculated annual average SOC loss for field ij under a LDS.
SOCLBAUi,j The annual average SOC loss for field ij under BAU corn production.
SOCLCi,j The annual average SOC loss for the corn portion of field ij in a LDS.
The annual average SOC loss for the switchgrass portion of field ij in a
SOCLSi,j
LDS.
The annual average SOC loss reduction for field ij when a producer
SOCLIi,j
converts from BAU corn production to a LDS.
The dollar valuation of the annual average SOC loss reduction for field
SOCLIVi,j
ij when a producer converts from BAU corn production to a LDS.
The calculated annual average water erosion rate for field ij under a
SELDS-i,j
LDS.
The annual average water erosion rate for field ij under BAU corn
SEBAUi,j
production.

$/acre
lbs. C/acre
lbs. C/acre
lbs. C/acre
lbs. C/acre
lbs. C/acre
$/acre
tons/acre
tons/acre

SECi,j

The annual average water erosion rate for the corn portion of field ij in
a LDS.

tons/acre

SESi,j

The annual average water erosion rate for the switchgrass portion of
field ij in a LDS.

tons/acre

SEIi,j
SEIVi,j

TEIVi,j
BEPEi,j
SHIPPi,j
BEPSi,j
CRPi,j
BEPCi,j

The annual average water erosion rate reduction for field ij when a
tons/acre
producer converts from BAU corn production to a LDS.
The dollar valuation of the annual average water erosion rate reduction
for field ij when a producer converts from BAU corn production to a
$/acre
LDS.
The sum of the per acre valuations of each environmental improvement
for field ij when a producer converts from BAU corn production to a
$/acre
LDS.
The breakeven price for switchgrasss for field ij with environmental
$/ton
improvement valuations added.
The annual per acre policy payment for each acre enrolled in SHIPP for
$/acre
field ij.
The breakeven price for switchgrasss for field ij with SHIPP policy
$/ton
payments added.
The per acre policy payment for each acre enrolled in CRP for field ij.
$/acre
The breakeven price for switchgrasss for field ij with CRP policy
$/ton
payments added.
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4.2.1

Calculating the Business as Usual Corn Revenue
We described all values associated with the variables and how we organized the

switchgrass and corn budget in Chapter 3. We compute these operations in the breakeven
price calculation portion of the Microsoft Excel spreadsheet. First, we added together the
three costs associated with corn production to find 𝐶𝐶𝐶𝐶𝐵𝐵𝐵𝐵𝐵𝐵 , expressed via Equation 4.1 in
$ acre-1. We calculated both the breakeven price with and without land rent. We express
the methodology with land rent included. To obtain the without land rent analysis,
remove 𝐿𝐿𝐿𝐿 from any equation it appears in.

Next, in order to approximate a single corn price to utilize for each field’s

analysis, we must find a weighted average corn yield across all of fields. We found each
field’s corn yield from the ArcMap analysis previously outlined. The weighted average
corn yield (𝑌𝑌𝑌𝑌𝐷𝐷𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 ) across the eleven fields is 170.5 bu acre-1. We divided 𝐶𝐶𝐶𝐶𝐵𝐵𝐵𝐵𝐵𝐵 by

𝑌𝑌𝑌𝑌𝐷𝐷𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 to find average breakeven corn cost across all fields, 𝐵𝐵𝐵𝐵𝐶𝐶𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 . Like

Soldavini and Tyner, we assumed, and defined, corn price to be a 15% markup of the

BAU corn production cost. We made this assumption to produce one market price to use
for all fields and to compare BAU and LDS corn production. 𝐶𝐶𝑃𝑃𝐿𝐿𝐿𝐿 is the 15% markup on

𝐵𝐵𝐵𝐵𝐶𝐶𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 with land rent included, and 𝐶𝐶𝑃𝑃𝑁𝑁𝑁𝑁𝑁𝑁 is the markup without land rent. Table 4.4

presents the values derived from these calculations and other corn production values that
are constant for all fields.

𝐶𝐶𝐶𝐶𝐵𝐵𝐵𝐵𝐵𝐵 = 𝐶𝐶𝐶𝐶𝑀𝑀𝑀𝑀 + 𝐶𝐶𝐶𝐶𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 + 𝐶𝐶𝐶𝐶𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 + 𝐿𝐿𝐿𝐿
𝐵𝐵𝐵𝐵𝐶𝐶𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =

𝐶𝐶𝐶𝐶𝐵𝐵𝐵𝐵𝐵𝐵

𝑌𝑌𝑌𝑌𝐷𝐷𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊

𝐶𝐶𝑃𝑃𝐿𝐿𝐿𝐿 = 𝐵𝐵𝐵𝐵𝐶𝐶𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 ∗ 1.15

4.2

4.3

4.1
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Table 4.4 Corn Production Cost Constants
Description
Land Rent
BAU Corn Production Cost with
Land Rent
BAU Corn Production Cost without
Land Rent
Weighted-Average Corn Yield
Weighted-Average Breakeven Cost
Cost with Land Rent
Weighted-Average Breakeven Cost
Cost without Land Rent
Corn Price with Land Rent

Constant Name
LR

Value
266.00

Unit
$/acre

CCBAU

703.97

$/acre

CCBAUNLR

437.97

$/acre

YLDWACOR

170.50

bu/acre

BCCABAU

4.13

$/bu

BCCABAUNLR

2.57

$/bu

CPLR

4.75

$/bu

Corn Price without Land Rent
Corn Production, Materials &
Services Cost
Corn Production, Non-Harvest
Field Operations Cost
BAU Corn Production, Harvest
Costs
LDS Corn Production, Harvest
Costs
LDS Corn Production Total Cost
with Land Rent
LDS Corn Production Total Cost
without Land Rent

CPNLR

2.95

$/bu

CCM&S

308.24

$/acre

CCNHFO

31.56

$/acre

CCHRVBAU

98.18

$/acre

CCHRVLDS

111.76

$/acre

CCLDS

451.56

$/acre

CCLDSNLR

717.56

$/acre

We derived the corn prices from the average breakeven cost of corn across all
fields, but we utilized field-specific corn yields (𝑌𝑌𝑌𝑌𝐷𝐷𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶−𝑖𝑖,𝑗𝑗 ) to find the BAU breakeven
corn cost (𝐵𝐵𝐵𝐵𝐶𝐶𝐵𝐵𝐵𝐵𝐵𝐵− 𝑖𝑖,𝑗𝑗 ) for field ij. Equation 4.4 and 4.5 display how we calculated the

net revenue for each field’s BAU corn production.

𝐶𝐶𝐶𝐶𝐵𝐵𝐵𝐵𝐵𝐵

𝐵𝐵𝐵𝐵𝐶𝐶𝐵𝐵𝐵𝐵𝐵𝐵−𝑖𝑖,𝑗𝑗 = 𝑌𝑌𝑌𝑌𝐷𝐷

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶−𝑖𝑖,𝑗𝑗

4.4

𝑁𝑁𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶− 𝑖𝑖,𝑗𝑗 = �𝐶𝐶𝑃𝑃𝐿𝐿𝐿𝐿 − 𝐵𝐵𝐵𝐵𝐶𝐶𝐵𝐵𝐵𝐵𝐵𝐵−𝑖𝑖,𝑗𝑗 � ∗ 𝐴𝐴𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶−𝑖𝑖,𝑗𝑗

4.5
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4.2.2

Finding the Landscape Design System Corn Revenue
The steps in finding the LDS corn revenue are very similar to the steps in finding

the BAU corn revenue. The main difference is the values used to compute the revenue.
Some acres are now dedicated switchgrass production, so the corn yield for the remaining
acreage adjusts. We designated the field’s corn yield in a LDS with 𝑌𝑌𝑌𝑌𝐷𝐷𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶−𝑖𝑖,𝑗𝑗 . As

explained in Section 3.1.2, the only difference between BAU and LDS corn production
costs is in the harvest operations. We express this single modification in Equation 4.6,
where we replace 𝐶𝐶𝐶𝐶𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 with 𝐶𝐶𝐶𝐶𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 . Table 4.5 shows the corn LDS cost portion

of the breakeven price model.

𝐶𝐶𝐶𝐶𝐿𝐿𝐿𝐿𝐿𝐿 = 𝐶𝐶𝐶𝐶𝑀𝑀𝑀𝑀 + 𝐶𝐶𝐶𝐶𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 + 𝐶𝐶𝐶𝐶𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 + 𝐿𝐿𝐿𝐿

4.6

Table 4.5 Example of LDS Corn Production Cost Portion of Model, Field 5A, Low WTC

Corn
Estab.
($/acre)

Corn
Harvest
Costs
($/acre)

Corn Land
Cost
($/acre)

Corn
Total Cost
($/acre)

Corn
Total Cost
(No Land
Cost)
($/acre)

Stand
Year

Area
(acre)

Corn
Area
Harv.
(acre)

1
2

72.18
72.18

47.24
47.24

339.79
339.79

113.44
113.44

266.00
266.00

719.23
719.23

453.23
453.23

3

72.18

47.24

339.79

113.44

266.00

719.23

453.23

4

72.18

47.24

339.79

113.44

266.00

719.23

453.23

5

72.18

47.24

339.79

113.44

266.00

719.23

453.23

6

72.18

47.24

339.79

113.44

266.00

719.23

453.23

7

72.18

47.24

339.79

113.44

266.00

719.23

453.23

8

72.18

47.24

339.79

113.44

266.00

719.23

453.23

9

72.18

47.24

339.79

113.44

266.00

719.23

453.23

10

72.18

47.24

339.79

113.44

266.00

719.23

453.23

Total

$3,397.92

$1,134.41

$2,660.00

$7,192.33

$4,532.33

NPV

$2,087.88

$697.05

$1,634.45

$4,419.38

$2,784.92

Annualized Value

$339.79

$113.44

$266.00

$719.23

$453.23
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In the LDS case, we do not need the weighted average corn yield, because a BAU
and a LDS corn operation will use the same price. Therefore, we can go ahead and
compute the field-specific breakeven corn cost under a LDS (𝐵𝐵𝐵𝐵𝐶𝐶𝐿𝐿𝐿𝐿𝐿𝐿−𝑖𝑖,𝑗𝑗 ). Equations 4.7

and 4.8 detail how we computed the net revenue for corn in a LDS (𝑁𝑁𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶−𝑖𝑖,𝑗𝑗 ).
𝐶𝐶𝐶𝐶𝐿𝐿𝐿𝐿𝐿𝐿

𝐵𝐵𝐵𝐵𝐶𝐶𝐿𝐿𝐿𝐿𝐿𝐿−𝑖𝑖,𝑗𝑗 = 𝑌𝑌𝑌𝑌𝐷𝐷

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶−𝑖𝑖,𝑗𝑗

4.7

𝑁𝑁𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶−𝑖𝑖,𝑗𝑗 = �𝐶𝐶𝑃𝑃𝐿𝐿𝐿𝐿 − 𝐵𝐵𝐵𝐵𝐶𝐶𝐿𝐿𝐿𝐿𝐿𝐿−𝑖𝑖,𝑗𝑗 � ∗ 𝐴𝐴𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶−𝑖𝑖,𝑗𝑗
4.2.3

4.8

Tabulating the Switchgrass Breakeven Price
To find the switchgrass breakeven price for each field and related geometry, we

must find two values. The first value is the difference between the corn net revenue in
BAU production and LDS production (∆𝑁𝑁𝑅𝑅𝑖𝑖,𝑗𝑗 ). Equation 4.9 expresses this calculation.
∆𝑁𝑁𝑅𝑅𝑖𝑖,𝑗𝑗 = 𝑁𝑁𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝑈𝑈−𝑖𝑖,𝑗𝑗 − 𝑁𝑁𝑅𝑅𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶−𝑖𝑖,𝑗𝑗

4.9

The second is the cost of switchgrass production. As mentioned in Section 3.2,
there are five sections to the switchgrass budget adapted from Soldavini and Tyner’s.
Table 4.6 summarizes all constants used in the switchgrass production cost calculations
in the breakeven price model. The first section is establishment costs (𝑆𝑆𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸 ). The three

categories of establishment costs are materials and services (𝑆𝑆𝑆𝑆𝐶𝐶𝑀𝑀&𝑆𝑆 ), machinery
(𝑆𝑆𝑆𝑆𝐶𝐶𝑀𝑀𝑀𝑀𝑀𝑀 ), and labor (𝑆𝑆𝑆𝑆𝐶𝐶𝐿𝐿𝐿𝐿𝐿𝐿 ). Equation 4.10 outlines the addition of these three

categories. Switchgrass stands do not always survive, so we multiplied the sum by 1.25 to
account for a 25% change of replanting. We assumed the establishment costs are incurred
in year one, so we convert 𝑆𝑆𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸 to an annuity with a 10% discount rate and ten year

lifespan. The establishment annuity is about $44 acre-1 and is paid annually for all ten
years of the switchgrass stand. The second section is maintenance costs, and it contains
the same three categories as establishment. Equation 4.11 shows the addition of materials
& services, machinery, and labor costs. We assumed switchgrass maintenance is only in
years 2-10, so costs are incurred only in those years.
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𝑆𝑆𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸 = (𝑆𝑆𝑆𝑆𝐶𝐶𝑀𝑀&𝑆𝑆 + 𝑆𝑆𝑆𝑆𝐶𝐶𝑀𝑀𝑀𝑀𝑀𝑀 + 𝑆𝑆𝑆𝑆𝐶𝐶𝐿𝐿𝐿𝐿𝐿𝐿 ) ∗ 1.25
𝑆𝑆𝐶𝐶𝑀𝑀𝑀𝑀𝑀𝑀 = (𝑆𝑆𝑆𝑆𝐶𝐶𝑀𝑀&𝑆𝑆 + 𝑆𝑆𝑆𝑆𝐶𝐶𝑀𝑀𝑀𝑀𝑀𝑀 + 𝑆𝑆𝑆𝑆𝐶𝐶𝐿𝐿𝐿𝐿𝐿𝐿 )

4.10
4.11

Table 4.6 Switchgrass Production Cost Constants
Description
Establishment Cost Annuity
Annual Maintenance Costs
Yield-Fixed Annual Harvest Cost
Yield-Variable Annual Harvest Cost
Machinery Travel Cost
Mower Conditioner Movement Cost
150-HP Tractor Movement Cost
215-HP Tractor Movement Cost
Large Rectangular Baler
Assumed Machinery Speed
Staging Storage Costs
Pallet and Tarp Storage Costs
Loading Storage Costs
Tractor Trailer Transportation Costs
Annualized Switchgrass Yield

Variable Name
SCEST-ANN
SCMAI
SHCYFIX
SHCYVAR
SGTRAVELCOST
SGMOWERCOST
SGTRA150COST
SGTRA215COST
SGBALERCOST
AMS
SSCSTA
SSCP&T
SSCLOA
STCTRAIL
YLDS-ANN

Value
43.58
50.06
30.85
18.52
57.45
9.53
48.02
68.83
85.11
4.00
14.41
4.10
14.93
16.40
4.87

Unit
$/acre
$/acre
$/acre
$/ton
$
$/hr
$/hr
$/hr
$/hr
miles/hr
$/ton
$/ton
$/ton
$/ton
tons/acre

The harvest section (𝑆𝑆𝐶𝐶𝐻𝐻𝐻𝐻𝐻𝐻−𝑡𝑡,𝑖𝑖,𝑗𝑗 ) of switchgrass production costs varies the most

between fields and Equation 4.12 expresses this calculation. The first harvest cost

component is constant across fields and does not vary with switchgrass yield (𝑆𝑆𝑆𝑆𝐶𝐶𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 ).
𝑆𝑆𝑆𝑆𝐶𝐶𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 is the cost of operating the 150-hp tractor with the mower attachment, which

does not vary with yield. 𝑆𝑆𝑆𝑆𝐶𝐶𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 is the switchgrass harvest cost that does not vary

across fields but changes with yield. 𝑆𝑆𝑆𝑆𝐶𝐶𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 , which consists of the 215-hp tractor and
baler attachment costs, is multiplied by the yield for year t to convert it to dollars per
acre.

𝑆𝑆𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆−𝑖𝑖,𝑗𝑗

𝑆𝑆𝐶𝐶𝐻𝐻𝐻𝐻𝐻𝐻−𝑡𝑡,𝑖𝑖,𝑗𝑗 = (𝑆𝑆𝑆𝑆𝐶𝐶𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 + (𝑆𝑆𝑆𝑆𝐶𝐶𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 ∗ +𝑌𝑌𝑌𝑌𝐷𝐷𝑆𝑆−𝑡𝑡 ) + �
4.12

𝐴𝐴𝑆𝑆−𝑖𝑖,𝑗𝑗

�+(

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆−𝑖𝑖

)
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𝑆𝑆𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆−𝑖𝑖,𝑗𝑗 is the switchgrass harvest cost associated with moving the 215-hp

tractor with the baler and 150-hp tractor with the mower between subfields of field ij.
Equation 4.13 details the calculation of this variable. This cost is field specific and
utilizes the distances derived in the ArcMap analysis explained in Section 4.1.3. 𝑆𝑆𝑆𝑆𝐷𝐷𝑖𝑖,𝑗𝑗 is

the total distance travelled between the subfields of field ij. Table 4.7 shows the distances
between the switchgrass subfields for field 5A’s low WTC criterion geometry, displayed
in Figure 4.14. Due to the unique distribution of subfields based on a specific criterion,
each field geometry has a difference value for 𝑆𝑆𝑆𝑆𝐷𝐷𝑖𝑖,𝑗𝑗 . We divided this distance by the

assumed machinery speed (𝐴𝐴𝐴𝐴𝐴𝐴) of 4 mph to produce the total time spent travelling in
between subfields. This time is multiplied by the per hour cost of operating the necessary
harvest equipment to find 𝑆𝑆𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆−𝑖𝑖,𝑗𝑗 . We divided 𝑆𝑆𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆−𝑖𝑖,𝑗𝑗 by 𝐴𝐴𝑆𝑆−𝑖𝑖,𝑗𝑗 to compute the
cost per acre.

𝑆𝑆𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆−𝑖𝑖,𝑗𝑗 = (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆150𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 + 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆215𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 + 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 +
𝑆𝑆𝑇𝑇𝑇𝑇

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆) ∗ � 𝐴𝐴𝐴𝐴𝐴𝐴𝑖𝑖,𝑗𝑗�

4.13

Figure 4.14 Field 5A Geometry for Low WTC Criterion
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Table 4.7 Distances Between Switchgrass Subfields of Field 5A Geometry for Low WTC
Criterion
Subfields
From
To
Field5A_North
Field5A_Southeast
Field5A_Southeast
Field5A_Southwest
Total

Distance (miles)
0.133
0.024
0.157

The last term of the switchgrass harvest cost equation is moving the machinery to
and from the last field on farm i. This analysis uses an approximated constant for this
value from Soldavini and Tyner. 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 represents this value and is $58, as

shown in Table 3.8. We divide 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 by the total number of switchgrass

acres on farm i (𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆−𝑖𝑖 ) to compute a per acre cost of equipment travel for farm i. The

number of fields varies for each farm, the maximum number of fields on a farm for this

study is four and the minimum is one. Therefore, farms with more fields will likely have
more switchgrass acreage and a reduced per acre cost for moving machinery.
Expressed in Equations 4.14 and 4.15, the final two sections of switchgrass cost
are straightforward to compute. Switchgrass storage costs (𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆−𝑡𝑡 ) include the costs of
staging (𝑆𝑆𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆 ), loading (𝑆𝑆𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆 ), and the pallet and tarp (𝑆𝑆𝑆𝑆𝐶𝐶𝑃𝑃&𝑇𝑇 ). These costs are

expressed in dollars per ton, so they are added together and multiplied by annual yield to
find their annual costs per acre. We similarly express semi-tractor trailer costs (𝑆𝑆𝑆𝑆𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 )

in dollars per ton. We multiplied 𝑆𝑆𝑆𝑆𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 by the annual yield to find the annual
switchgrass transportation cost (𝑆𝑆𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇−𝑡𝑡 ) in dollars per acre. To find the total

switchgrass production cost per acre (𝑆𝑆𝐶𝐶𝑡𝑡,𝑖𝑖,𝑗𝑗 ) for year t on field ij, we added together the

five sections of the budget and land rent, for the with land rent case. Table 4.8 shows the
five sections of switchgrass production costs as they appear for Field 5A’s low WTC
criterion analysis in the Microsoft Excel model.

𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆−𝑡𝑡 = (𝑆𝑆𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆 + 𝑆𝑆𝑆𝑆𝐶𝐶𝑃𝑃&𝑇𝑇 + 𝑆𝑆𝑆𝑆𝐶𝐶𝐿𝐿𝑂𝑂𝐴𝐴 ) ∗ 𝑌𝑌𝑌𝑌𝐷𝐷𝑆𝑆−𝑡𝑡
𝑆𝑆𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇−𝑡𝑡 = 𝑆𝑆𝑆𝑆𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 ∗ 𝑌𝑌𝑌𝑌𝐷𝐷𝑆𝑆−𝑡𝑡

4.14

4.15

𝑆𝑆𝐶𝐶𝑡𝑡,𝑖𝑖,𝑗𝑗 = 𝑆𝑆𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 + 𝑆𝑆𝐶𝐶𝑀𝑀𝑀𝑀𝑀𝑀 + 𝑆𝑆𝐶𝐶𝐻𝐻𝐻𝐻𝐻𝐻−𝑡𝑡,𝑖𝑖,𝑗𝑗 + 𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆−𝑡𝑡 + 𝑆𝑆𝐶𝐶𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇−𝑡𝑡 + 𝐿𝐿𝐿𝐿

4.16

Table 4.8 Example of Switchgrass Production Cost Portion of Model, Field 5A for Low WTC Criterion

Stand
Year
1
2
3
4
5
6
7
8
9
10

Area
(ac)

Corn Area
Harvested
(acre)

72.18
47.24
72.18
47.24
72.18
47.24
72.18
47.24
72.18
47.24
72.18
47.24
72.18
47.24
72.18
47.24
72.18
47.24
72.18
47.24
Total
NPV
Annualized Value

SG
Estab.
Costs
($/acre)

SG
Maint.
Costs
($/acre)

SG
Harvest
Costs
($/acre)

SG
Storage
Costs
($/acre)

SG
Trans.
Costs
($/acre)

SG Land
Rent
($/acre)

SG Total
Cost
($/acre)

$43.58
$43.58
$43.58
$43.58
$43.58
$43.58
$43.58
$43.58
$43.58
$43.58
$435.80
$267.78
$43.58

$0.00
$50.06
$50.06
$50.06
$50.06
$50.06
$50.06
$50.06
$50.06
$50.06
$450.51
$288.28
$46.92

$55.71
$86.81
$144.59
$144.59
$144.59
$144.59
$144.59
$144.59
$144.59
$144.59
$1,299.21
$759.87
$123.67

$40.12
$96.29
$200.60
$200.60
$200.60
$200.60
$200.60
$200.60
$200.60
$200.60
$1,741.18
$1,000.48
$162.82

$19.68
$47.24
$98.41
$98.41
$98.41
$98.41
$98.41
$98.41
$98.41
$98.41
$854.17
$490.81
$79.88

$266.00
$266.00
$266.00
$266.00
$266.00
$266.00
$266.00
$266.00
$266.00
$266.00
$2,660.00
$1,634.45
$266.00

$425.09
$589.97
$803.23
$803.23
$803.23
$803.23
$803.23
$803.23
$803.23
$803.23
$7,440.87
$4,415.47
$718.60

SG Total
Cost (No
Land
Rent)
($/acre)
$159.09
$323.97
$537.23
$537.23
$537.23
$537.23
$537.23
$537.23
$537.23
$537.23
$4,780.87
$2,781.02
$452.60
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With the per acre switchgrass production cost for the field and difference in corn
net revenue between BAU and LD cases, we can compute the switchgrass breakeven
price. Equations 4.17 and 4.18 detail this calculation. We found the net present value
(NPV) of the ten-year cost flow of switchgrass production at a 10% discount rate and
then calculated the associated annuity for the ten-year project (𝑆𝑆𝐶𝐶𝐴𝐴𝐴𝐴𝐴𝐴−𝑖𝑖,𝑗𝑗 ). We multiplied

it by switchgrass acreage for the field to find the field’s total switchgrass cost (𝑆𝑆𝑆𝑆𝐶𝐶𝑖𝑖,𝑗𝑗 ),
and added it to the corn net revenue difference (∆𝑁𝑁𝑅𝑅𝑖𝑖,𝑗𝑗 ). We divide this sum by the

product of switchgrass acreage for the field and annualized switchgrass yield for the tenyear stand (𝑌𝑌𝑌𝑌𝐷𝐷𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 ). The resulting value is the breakeven switchgrass price for that
field and its associated geometry. Table 4.9 details the values forming the final
calculation using Field 5A’s low WTC criterion analysis as an example.

𝑆𝑆𝑆𝑆𝐶𝐶𝑖𝑖,𝑗𝑗 = 𝑆𝑆𝐶𝐶𝐴𝐴𝐴𝐴𝐴𝐴−𝑖𝑖,𝑗𝑗 ∗ 𝐴𝐴𝑆𝑆−𝑖𝑖,𝑗𝑗

𝐵𝐵𝐵𝐵𝑃𝑃𝑖𝑖,𝑗𝑗 =

�𝑆𝑆𝑆𝑆𝐶𝐶𝑖𝑖,𝑗𝑗 +∆𝑁𝑁𝑅𝑅𝑖𝑖,𝑗𝑗 �

(𝐴𝐴𝑆𝑆−𝑖𝑖,𝑗𝑗 ∗𝑌𝑌𝑌𝑌𝐷𝐷𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 )

4.17
4.18
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Table 4.9 Example of Final Breakeven Price Calculation Portion of Model, Field 5A,
Low WTC Criterion

CPLR | CPNLR
ACBAU-5,1
AS-5,1

Without
Land Cost
$2.95
72.18
24.94

With Land
Cost
$4.75
72.18
24.94

LDS Corn Acreage

ACLDS-5,1

47.24

47.24

LDS Corn Yield (bu/acre)

YLDCLDS-5,1

180.89

180.89

BAU Corn Yield
Original Corn Gross Revenue ($/field)
Original Net Revenue ($/field)
Gross Revenue from Corn Acreage,
LD Case ($/field)
Net Revenue in Landscape Design
Case ($/field)
Difference in Net Revenue To Be
Made Up By Switchgrass ($/field)
Switchgrass Cost Annuity
Switchgrass Total Cost ($/field)

YLDCBAU-5,1

169.39
$36,121.08
$5,190.74

169.39
$58,058.96
$8,343.30

$25,245.54

$40,578.24

NRCLDS-5,1

$3,834.39

$6,601.01

∆NR5,1

$1,356.35

$1,742.29

SCANN-5,1
STC5,1

$452.60
$11,287.33

$718.60
$17,921.10

Switchgrass BE ($/ton)

BEP5,1

$104.10

$161.90

4.3

Field 5A, Low WTC

Variable

Price of Corn ($/bu)
Total Field Acreage
LDS Switchgrass Acreage

NRCBAU-5,1

Environmental Improvements and Valuations
The next portion of the model is the environmental analysis. This section utilizes

data from the ArcMap analysis and approximate literature constants to calculate the
reduction in nitrate leaching rate, soil organic carbon loss, and water erosion rate when a
producer converts to LDS from BAU production. In the model, we calculate
improvements in each environmental property as well as the approximate dollar valuation
of the improvement. Table 4.10 details these constants. We use the mean value for the
static breakeven analysis, but we utilize the minimum, maximum and mode in the
stochastic analysis outlined in Section 4.5.
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Table 4.10 Annual Environmental Improvement Rate and Valuation Constants
Variable

Min.

Ave.

Mode Max.

Units

Source
Feng et. al (2017),
Ssegane et. al
(2015), Thomas et.
al (2014)

Nitrate Loss
Reduction

NLR

0.25

0.50

0.50

0.75

%

Nitrate Loss
Reduction
Valuation

NLRV

0.50

1.09

1.01

2.00

$/(lb. N)

Christianson et. al
(2013)

SOC Loss
Reduction

SOCLR

700

1000

1000

1300

lbs.
C/acre

Liebig et al.
(2008), Follett et.
al (2012)

SOC Loss
Reduction
Valuation

SOCLRV

0.02

0.06

0.06

0.10

$/(lb. C)

Lal (2014)

Soil Erosion
Reduction

SER

0.40

0.95

0.95

1.50

%

Hartman et. al
(2011), Karlen and
Muth (2013),
English et. al
(2013)

Soil Erosion
Reduction
Valuation

SERV

3.30

4.00

4.00

4.70

$/ton

Hanson and
Ribaudo (2008)

We use nitrate leaching as an example to demonstrate how we compute the
improvements in environmental properties in a LDS for our model. The nitrate leaching
data is extracted from ArcMap. It includes the average nitrate leaching for each field’s
whole area (𝑁𝑁𝑁𝑁𝐵𝐵𝐵𝐵𝐵𝐵𝑖𝑖,𝑗𝑗 ), LDS corn area (𝑁𝑁𝑁𝑁𝐶𝐶𝑖𝑖,𝑗𝑗 ), and LDS switchgrass area (𝑁𝑁𝑁𝑁𝑁𝑁𝑖𝑖,𝑗𝑗 ).
Using the mean literature constant for nitrate leaching reduction under switchgrass

production (𝑁𝑁𝑁𝑁𝑁𝑁), we can estimate the new average nitrate leaching rate in the LDS.

Equation 4.19 shows this calculation. Shown in Equation 4.20, we then subtract the BAU
nitrate leaching rate for the field from the approximated LDS nitrate leaching rate for the
field under LDS to find the reduction in nitrate leaching (𝑁𝑁𝑁𝑁𝐼𝐼𝑖𝑖,𝑗𝑗 ). The per acre valuation
for that improvement (𝑁𝑁𝑁𝑁𝐼𝐼𝐼𝐼𝑖𝑖,𝑗𝑗 ) is computed by multiplying 𝑁𝑁𝑁𝑁𝐼𝐼𝑖𝑖,𝑗𝑗 by the valuation

literature constant (𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁). Equations 4.21 to 4.23 and equations 4.24 to 4.26 outline the
similar process for SOC loss reduction and water erosion reduction calculations,
respectively.
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𝑁𝑁𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿−𝑖𝑖,𝑗𝑗 =
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐿𝐿𝐷𝐷𝐷𝐷−𝑖𝑖,𝑗𝑗 =

((𝑁𝑁𝑁𝑁𝑁𝑁𝑖𝑖,𝑗𝑗 ∗(1−𝑁𝑁𝑁𝑁𝑁𝑁)))∗𝐴𝐴𝑆𝑆−𝑖𝑖,𝑗𝑗 )+�𝑁𝑁𝑁𝑁𝐶𝐶𝑖𝑖,𝑗𝑗 ∗𝐴𝐴𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶−𝑖𝑖,𝑗𝑗 �
𝐴𝐴𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶−𝑖𝑖,𝑗𝑗+𝐴𝐴𝑆𝑆−𝑖𝑖,𝑗𝑗

𝑁𝑁𝑁𝑁𝐼𝐼𝑖𝑖,𝑗𝑗 = 𝑁𝑁𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿−𝑖𝑖,𝑗𝑗 − 𝑁𝑁𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖,𝑗𝑗
𝑁𝑁𝑁𝑁𝐼𝐼𝐼𝐼𝑖𝑖,𝑗𝑗 = 𝑁𝑁𝑁𝑁𝑁𝑁𝑖𝑖,𝑗𝑗 ∗ 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁

4.20
4.21

((𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖,𝑗𝑗 +𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆)∗𝐴𝐴𝑆𝑆−𝑖𝑖,𝑗𝑗 )+�𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐶𝐶𝑖𝑖,𝑗𝑗 ∗𝐴𝐴𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶−𝑖𝑖,𝑗𝑗�
𝐴𝐴𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶−𝑖𝑖,𝑗𝑗 +𝐴𝐴𝑆𝑆−𝑖𝑖,𝑗𝑗

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐼𝐼𝑖𝑖,𝑗𝑗 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐿𝐿𝐿𝐿𝐿𝐿−𝑖𝑖,𝑗𝑗 − 𝑆𝑆𝑆𝑆𝑆𝑆𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑖𝑖,𝑗𝑗

𝑆𝑆𝑆𝑆𝐿𝐿𝐿𝐿𝐿𝐿−𝑖𝑖,𝑗𝑗 =

4.19

4.23

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐼𝐼𝐼𝐼𝑖𝑖,𝑗𝑗 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖,𝑗𝑗 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

4.24

𝑆𝑆𝑆𝑆𝐼𝐼𝑖𝑖,𝑗𝑗 = 𝑆𝑆𝑆𝑆𝐿𝐿𝐿𝐿𝐿𝐿−𝑖𝑖,𝑗𝑗 − 𝑆𝑆𝑆𝑆𝐵𝐵𝐵𝐵𝐵𝐵𝑖𝑖,𝑗𝑗

4.26

((𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖,𝑗𝑗 ∗(1−𝑆𝑆𝑆𝑆𝑆𝑆)))∗𝐴𝐴𝑆𝑆−𝑖𝑖,𝑗𝑗 )+�𝑆𝑆𝑆𝑆𝐶𝐶𝑖𝑖,𝑗𝑗 ∗𝐴𝐴𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶−𝑖𝑖,𝑗𝑗 �
𝐴𝐴𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶−𝑖𝑖,𝑗𝑗 +𝐴𝐴𝑆𝑆−𝑖𝑖,𝑗𝑗

𝑆𝑆𝑆𝑆𝐼𝐼𝐼𝐼𝑖𝑖,𝑗𝑗 = 𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖,𝑗𝑗 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

4.22

4.25

4.27

The per acre valuations for all the environmental improvements are added
together. We then multiplied this value by the acreage of the field to compute the
environmental improvement valuation for the whole field. This value is subtracted from
the switchgrass total cost and change in net revenue to compute the breakeven
switchgrass price with environmental valuations (𝐵𝐵𝐵𝐵𝑃𝑃𝑃𝑃𝑖𝑖,𝑗𝑗 ). We detail these calculations

in Equations 4.28 and 4.29.

𝑇𝑇𝑇𝑇𝐼𝐼𝐼𝐼𝑖𝑖,𝑗𝑗 = 𝑁𝑁𝑁𝑁𝐼𝐼𝐼𝐼𝑖𝑖,𝑗𝑗 + 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐼𝐼𝐼𝐼𝑖𝑖,𝑗𝑗 + 𝑆𝑆𝑆𝑆𝐼𝐼𝐼𝐼𝑖𝑖,𝑗𝑗

𝐵𝐵𝐵𝐵𝑃𝑃𝑃𝑃𝑖𝑖,𝑗𝑗 =
4.4

4.28

�𝑆𝑆𝑆𝑆𝐶𝐶𝑖𝑖,𝑗𝑗 +∆𝑁𝑁𝑅𝑅𝑖𝑖,𝑗𝑗 −(𝐴𝐴𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶−𝑖𝑖,𝑗𝑗 ∗ 𝑇𝑇𝑇𝑇𝐼𝐼𝐼𝐼𝑖𝑖,𝑗𝑗 )�
(𝐴𝐴𝑆𝑆−𝑖𝑖,𝑗𝑗 ∗𝑌𝑌𝑌𝑌𝐷𝐷𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 )

4.29

Policy Analysis
The final portion of the spreadsheet breakeven price model is the policy evaluation

section. This part overlays two policies to test their impact on the switchgrass breakeven
price. The following two sections will outline the integration of these two policies into
the breakeven price model. Table 4.11 shows all constants used in the policy analysis

76
Table 4.11 Policy Analysis Constant Assumptions

SHIPP Soil Rental Rate Percent Payment

Constant
Name
SHIPP%

SHIPP Story County, IA Insurance Premium

SHIPPINS

17.44

$/acre

SHIPP Insurance Premium Subsidy Percent Increase

SHIPPSUB

0.02

percent

CRP Soil Rental Rate Percentage

CRP%

1.00

percent

CRP Signing Incentive Payment

CRPSIP

150.00

$/acre

CRP Establishment Cost Reimbursement

CRPECR

0.90

percent

CRP Maintenance Cost Reimbursement

CRPMCR

0.10

percent

Policy Assumptions

4.4.1

Value

Unit

0.50

percent

Soil Health and Income Protection Program (SHIPP)
The first policy is the Soil Health and Income Protection Program (SHIPP). We

outline the details of this policy in Section 2.5.3. In this section, we will outline how it is
integrated into the breakeven price model. The two benefits a producer receives in the
SHIPP are an increase in their insurance premium subsidy and a payment based on the
land’s soil rental rate (SRR). The SRR payment is only for acres of the farm enrolled in
SHIPP. In the case of a LDS, the acres enrolled in SHIPP are assumed to be the
switchgrass acres. However, the insurance payment is for all acres under the same farm
serial number as the acres enrolled in SHIPP.
For the insurance premium rate, we used the University of Illinois’ premium
calculator (UIUC, 2017). Under the assumptions of a 100-acre, non-irrigated farm with a
trend-adjusted yield of 186 bushels per acre, the revenue protection plan rate is $17 per
acre. The second payment will be 50 percent of the SRR, which we will assume to be the
value of our land rent, $266 per acre. Equation 4.30 shows the calculation of the payment
for each acre enrolled in SHIPP for field ij. For the purpose of our analysis, we assumed
there is no penalty associated with harvesting on SHIPP acreage. In reality, there is a
penalty on the SRR payment. However, we are analyzing various policies that could
lower the switchgrass breakeven price as mentioned in Section 2.5, so we ignore this
penalty. We found annualized payment of this policy for the 10-year switchgrass
stand (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐴𝐴𝐴𝐴𝐴𝐴−𝑖𝑖,𝑗𝑗 ), assuming a discount rate of 10%, and subtracted that annuity from
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the switchgrass total cost in the breakeven price calculation. Equation 4.31 demonstrates
this, and Table 4.12 shows the SHIPP section of the model.

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑃𝑃𝑖𝑖,𝑗𝑗 = (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑃𝑃% ∗ 𝐿𝐿𝐿𝐿) + (𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑃𝑃𝐼𝐼𝐼𝐼𝐼𝐼 ∗ 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆 ∗ (

𝐵𝐵𝐵𝐵𝑃𝑃𝑃𝑃𝑖𝑖,𝑗𝑗 =

�𝑆𝑆𝑆𝑆𝐶𝐶𝑖𝑖,𝑗𝑗 −𝑆𝑆𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐴𝐴𝐴𝐴𝐴𝐴−𝑖𝑖,𝑗𝑗 +∆𝑁𝑁𝑅𝑅𝑖𝑖,𝑗𝑗 �
(𝐴𝐴𝑆𝑆−𝑖𝑖,𝑗𝑗∗𝑌𝑌𝑌𝑌𝐷𝐷𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 )

𝐴𝐴𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶−𝑖𝑖,𝑗𝑗
𝐴𝐴𝑆𝑆−𝑖𝑖,𝑗𝑗

))

4.30

4.31

Table 4.12 Example SHIPP Section of the Breakeven Price Model, Field 5A, Low WTC
SG
Area
(acre)

SRR
Payment
($/acre)

72.18 24.94
72.18 24.94
72.18 24.94
72.18 24.94
72.18 24.94
72.18 24.94
72.18 24.94
72.18 24.94
72.18 24.94
72.18 24.94
Total
NPV
Annualized Value

$133.00
$133.00
$133.00
$133.00
$133.00
$133.00
$133.00
$133.00
$133.00
$133.00
$1,330.00
$817.23
$133.00

Stand
Year
1
2
3
4
5
6
7
8
9
10

4.4.2

Area
(acre)

Insurance
Premium
Subsidy
Rate
($/acre)
$1.01
$1.01
$1.01
$1.01
$1.01
$1.01
$1.01
$1.01
$1.01
$1.01
$10.10
$6.20
$1.01

Total
SG Cost
SHIPP
Per Acre
Subsidy
w/Env.
($/acre
Value
SG)
($/acre)
$134.01
$291.08
$134.01
$455.96
$134.01
$670.01
$134.01
$670.01
$134.01
$670.01
$134.01
$670.01
$134.01
$670.01
$134.01
$670.01
$134.01
$670.01
$134.01
$670.01
$1,340.10 $6,107.16
$823.43 $3,595.56
$134.01
$585.16

SG Total
Cost with
No Land
Rent
($/acre)
$25.08
$189.96
$404.01
$404.01
$404.01
$404.01
$404.01
$404.01
$404.01
$404.01
$3,447.16
$1,961.10
$319.16

Conservation Reserve Program (CRP)
The second policy is a Conversation Reserve Program initiative called State Acres

For wildlife Enhancement (SAFE), or CP-38. This program is outlined in Section 2.5.2.
We have modified this program to implement into our model. However, it still accurately
describes the cost structure a farmer would receive for enrolling in a 10-year CRP. This
section details how we implemented it into our breakeven price model. The main
modifications from the original CP-38 are the elimination of the native grass planting, the
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harvest penalty, and the mid-contract maintenance payment. We eliminated native grass
planting and the harvest penalty, because one goal of a LDS is to produce biomass. We
also dismissed the mid-contract maintenance payment, because this payment subsidizes a
controlled burn and mowing of the switchgrass. In our model, we harvest the switchgrass
annually so this practice is not necessary. We broke down the CRP payments into four
different categories: SRR payment, signing incentive payment (SIP), switchgrass
establishment cost reimbursement, and maintenance cost reimbursement.
The SRR payment is similar to the SHIPP one, but in CP-38 the farmer receives
the full SRR. Therefore, we assumed that farmers are paid $266 annually for each
switchgrass acre and that acres enrolled in the CRP are the switchgrass acres. The second
payment is the signing incentive. For only the first year, farmers receive $150 per acre
enrolled. The third payment is the switchgrass establishment cost reimbursement.
Through various payments, CP-38 reimburses farmers for about 90% of their
establishment costs. Therefore, the switchgrass establishment cost reimbursement is
equal to 90% of the annualized switchgrass establishment cost (𝑆𝑆𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 ). Farmers

receive this payment annually for all 10 years. The fourth payment is the switchgrass
maintenance cost reimbursement. The CRP pays farmers $5 per acre for maintenance
costs. We express that payment in our model through a percent reimbursement of the
switchgrass maintenance cost, which is outlined in Section 3.2.1. We utilized a percent
reimbursement as opposed to a flat rate, because payments to the farmer will change if
prices of inputs change. Therefore, the model becomes more dynamic as opposed to
entering a flat reimbursement rate. We assumed farmers incur maintenance costs in years
2-10, so maintenance cost reimbursement will only occur in years 2-10 as well.
These four payments are added together annually, as expressed in Equation
4.32.We took the annualized payment of this policy for the 10-year switchgrass
stand (𝐶𝐶𝐶𝐶𝐶𝐶𝐴𝐴𝐴𝐴𝐴𝐴 ), assuming a discount rate of 10%. Then, we subtracted that annuity from
the switchgrass total cost in the breakeven price calculation (𝐵𝐵𝐵𝐵𝑃𝑃𝑃𝑃𝑖𝑖,𝑗𝑗 ). As with the

SHIPP policy, we ignored the harvest penalty for CRP. Equation 4.33 demonstrates the
breakeven price calculation with the CRP payment. The CRP annualized payment is the
same for all fields, because there are no field-specific costs. 𝐶𝐶𝐶𝐶𝐶𝐶𝐴𝐴𝐴𝐴𝐴𝐴 totaled $332 per

acre. In the SHIPP policy, farmers receive payments based on switchgrass acreage and
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the total acreage across the whole farm. Therefore, SHIPP payments differ between
fields. Table 4.13 shows the CRP policy payment section of the model.

𝐶𝐶𝐶𝐶𝑃𝑃𝑡𝑡 = (𝐶𝐶𝑅𝑅𝑃𝑃% ∗ 𝐿𝐿𝐿𝐿) + 𝐶𝐶𝐶𝐶𝑃𝑃𝑆𝑆𝑆𝑆𝑆𝑆−𝑡𝑡 + (𝑆𝑆𝐶𝐶𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 ∗ 𝐶𝐶𝐶𝐶𝑃𝑃𝐸𝐸𝐸𝐸𝐸𝐸 ) + (𝑆𝑆𝐶𝐶𝑀𝑀𝑀𝑀𝑀𝑀 ∗ 𝐶𝐶𝐶𝐶𝑃𝑃𝑀𝑀𝑀𝑀𝑀𝑀−𝑡𝑡 )
4.32

𝐵𝐵𝐵𝐵𝑃𝑃𝑃𝑃𝑖𝑖,𝑗𝑗 =

�𝑆𝑆𝑆𝑆𝐶𝐶𝑖𝑖,𝑗𝑗 −𝐶𝐶𝐶𝐶𝐶𝐶𝐴𝐴𝐴𝐴𝐴𝐴 +∆𝑁𝑁𝑅𝑅𝑖𝑖,𝑗𝑗 �
(𝐴𝐴𝑆𝑆−𝑖𝑖,𝑗𝑗∗𝑌𝑌𝑌𝑌𝐷𝐷𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 )

4.33

Table 4.13 CRP Policy Section of the Breakeven Price Model

Stand Year

1
2
3
4
5
6
7
8
9
10
Total
NPV
Annualized
Value

SRR
Payment
($/acre)

SIP
($/acre)

SG
Estab.
Costs
($/acre)

$266.00
$266.00
$266.00
$266.00
$266.00
$266.00
$266.00
$266.00
$266.00
$266.00
$2,660.00
$1,634.45

$150.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$0.00
$150.00
$136.36

$43.58
$43.58
$43.58
$43.58
$43.58
$43.58
$43.58
$43.58
$43.58
$43.58
$435.80
$267.78

$39.22
$39.22
$39.22
$39.22
$39.22
$39.22
$39.22
$39.22
$39.22
$39.22
$392.22
$241.00

$0.00
$50.06
$50.06
$50.06
$50.06
$50.06
$50.06
$50.06
$50.06
$50.06
$450.51
$262.07

$0.00
$5.01
$5.01
$5.01
$5.01
$5.01
$5.01
$5.01
$5.01
$5.01
$45.05
$26.21

$455.22
$310.23
$310.23
$310.23
$310.23
$310.23
$310.23
$310.23
$310.23
$310.23
$3,247.27
$2,038.03

SG Cost Per
Acre with
CRP
Payment
($/acre)
-$30.14
$279.74
$493.80
$493.80
$493.80
$493.80
$493.80
$493.80
$493.80
$493.80
$4,199.98
$2,380.96

$266.00

$22.19

$43.58

$39.22

$42.65

$4.27

$331.68

$387.49

Estab.
Costs
Reimb.
($/acre)

SG
Maint.
Costs
($/ac)

Maint.
Cost
Reimb.
($/acre)

Total CRP
Policy
Subsidy
($/acre)

SG Cost Per
Acre with CRP
Payment and
No Land Rent
($/acre)
-$296.14
$13.74
$227.80
$227.80
$227.80
$227.80
$227.80
$227.80
$227.80
$227.80
$1,539.98
$746.51
$121.49
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4.5

Stochastic Analysis
This part of the analysis adds onto the initial static analysis performed by adding

stochastic, or random, distributions to certain variables. This analysis provides a better
picture of the distribution of breakeven switchgrass prices, given the inherent uncertainty
in key variables. This allows us to compute distributions of breakeven prices for each
field, and see the full landscape of possibilities. We use @Risk simulations in the
Microsoft Excel spreadsheet model to perform the stochastic analysis. The @Risk
program runs 5000 iterations of a Latin Hypercube simulation. We insert stochastic
distributions for the following model inputs: corn price, corn yield, switchgrass yield,
corn harvest costs, switchgrass harvest cost, and environmental improvement constants.
All of the distributions in this analysis are PERT distributions. A PERT distribution
is similar to a normal distribution, except it is bounded by a minimum and maximum
value. This is particularly useful for breakeven price analysis, because it avoids the
chance of adding extreme values, like negative prices, into the distribution. The inputs of
a PERT distribution are minimum, mode, and maximum, which we estimate based on the
means and standard deviations of our data. Table 4.14 displays the values used for the
PERT distributions of corn price, switchgrass yield, switchgrass harvest costs, and corn
harvest costs.

Table 4.14 PERT Distribution Values for Stochastic Inputs
Min

Mode

Max

Unit

Corn Price with Land Rent

Constant
Name
CPLR

3.50

4.63

6.50

$/bushel

Corn Price without Land Rent

CPNLR

1.50

2.93

4.50

$/bushel

Switchgrass Yield, Year 1

YLDS-1

0.50

1.20

1.90

tons/acre

Switchgrass Yield, Year 2

YLDS-2

2.00

2.88

3.76

tons/acre

Switchgrass Yield, Years 3 to 10
Annual Per Switchgrass Harvest
Cost, Yield Fixed
Annual Per Switchgrass Harvest
Cost, Yield Variable
LDS Corn Harvest Cost

YLDS-t

2.19

6.00

9.88

tons/acre

SHCYFIX

16.67

18.52

20.37

$/acre

SHCYVAR

27.76

30.85

33.93

$/ton

CCHRVLDS 100.59

111.76

122.94

$/acre

Input Constant
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For corn price, we utilize the PERT distribution from Soldavini and Tyner. They
apply a PERT distribution based upon the standard deviation of monthly corn prices from
the USDA’s National Agricultural Statistics Service from 2013-16. For no land rent, we
use a minimum of $1.50 per bushel, a mode of $2.93 per bushel, and a maximum of
$4.50 per bushel. With land rent, we use a minimum of $3.50 per bushel, a mode of $4.63
per bushel, and maximum of $6.50 per bushel. The PERT distribution for both corn
prices is a single draw across all fields to make sure each field faces the same market
price for a given iteration.
For the BAU corn yield distribution, we utilize the multi-year means and standard
deviation corn yield data from ArcMap for each field in our analysis. Each field’s mean
and standard deviation is plugged into an @Risk normal distribution, and then a
simulation is run. The 5th and 95th percentile of each field’s resulting normal distribution
simulation is used as the minimum and maximum, respectively, of the field’s BAU corn
yield PERT distribution. We assume the mean is the mode of the PERT distribution. With
5000 iterations of the Monte Carlo simulation, the reported mode is not always near the
mean. Yet, we know the distributions are symmetric, so we can assume the mean and
mode should be equal. To compute the LDS corn yield, we used the difference in mean
yield between BAU corn production and LDS corn production. For each iteration of the
@Risk simulation, the LDS corn yield equals the BAU corn yield distribution plus the
static difference in means. We report each field’s distribution values and difference in
means in Table 4.15. We input a corn yield distribution to our model to account for the
impact of weather on yield. Therefore, each year of the model has new draw to account
for the annual impact of varying weather conditions.
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Table 4.15 PERT Distribution Corn Yield Values

1A
1B
1C
1D
2A
2B
3A
3B
4A
4B
5A

Corn Yield
Mean (bu/acre)
Low
High
WTC WTC
176.03 177.84
175.30 177.30
175.38 178.38
185.91 189.78
183.61 186.16
177.25 178.08
174.88 176.49
161.58
177.16 178.79
172.99
180.89

Business As Usual
(bu/acre)
Min.

Mean

Max.

99.90
122.60
128.80
141.10
143.80
128.60
132.10
133.20
135.60
121.00
131.90

163.70
170.57
172.07
179.51
181.49
175.03
171.42
154.08
173.13
161.97
169.39

227.40
218.50
215.30
217.90
219.20
221.30
210.70
174.90
210.60
202.90
206.80

Mean Yield Differences
from BAU (bu/acre)
Low WTC - High WTC
BAU
-BAU
12.33
14.13
4.73
6.73
3.31
6.32
6.40
10.27
2.12
4.67
2.22
3.04
3.46
5.07
7.49
4.03
5.66
11.02
11.50

One of the more uncertain portions of our model is switchgrass yield, as explained
in the literature review. Literature on switchgrass yields on marginal land, or in a LDS, is
minimal. Therefore, we consult some of the literature to create PERT distributions for
year 1, year 2, and years 3-10. The values for each of these distributions are in Table
4.13. We also insert PERT distributions into the switchgrass and corn harvest cost inputs
to account for the uncertainty in LDS harvest inefficiency. We have already decreased
machinery efficiency by 10% in our static analysis, but we include distributions to further
account for this uncertainty. We employ a distribution to three harvest cost variables in
our model: the per acre corn harvest cost, the yield-fixed switchgrass harvest cost, and the
yield-variable switchgrass harvest cost. We apply a PERT distribution to each of these
input constants. For each one, the minimum is set at 90% of the constant value, the mode
is the exact constant value, and the maximum is 110% of the constant value. These values
are one draw for all fields for a given iteration, because we assumed each field’s
machinery efficiency will be impacted equally.
Environmental improvement rates and valuations are the final inputs converted to
distributions in the stochastic analysis. These inputs are important to create distributions
for, because the exact quantitative environmental improvements of a LDS are unknown.
Environmental valuations are difficult to compute, so it is important we account for that

84
uncertainty as well. We converted each of the constants, except for the valuation for SOC
loss, to PERT distributions based on literature estimates. Each constant’s minimum,
mean, mode, and maximum is found in Table 4.9 along with its corresponding literature
source. Each of the environmental distributions are one draw across all fields for a given
iteration.
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RESULTS

The results chapter is organized in four sections. The first and second sections detail
the static results of the breakeven price model utilizing the willingness to convert (WTC)
criterion and the various environmental criteria, respectively. Both of these sections will
include the breakeven prices for each field with and without environmental valuations.
The third section introduces the static results of the model with policy overlays. Finally,
we show the stochastic results of the breakeven price models for the profitability criteria
and CRP policy overlays, which shows the full range of possible switchgrass breakeven
prices.

5.1

Static Willingness to Convert (WTC) Results
This section contains the WTC results. The first case is the breakeven price model

results for the low WTC criterion. We analyzed all eleven fields under this criterion, and
we present these results in Table 5.1. The average switchgrass breakeven price (BEP)
across the fields for this criterion is $166 ton-1 and $111 ton-1 with and without land costs,
respectively. The range of breakeven prices for with land costs is $132 ton-1 to $198 ton-1,
and $88 ton-1 to $141 ton-1 without land costs. However, Field 2A is an outlier, with the
$132 ton-1 and $88 ton-1 values. This field contained a highly unprofitable subfield with
yields below 100 bushels per acre, which was anomalous for the fields we examined.
Figure 5.1 shows this and it can be compared with the more typical histogram of Field 4B
in Figure 5.2. Fields with a yield pattern similar to Field 2A are more suited for a LDS,
because of this significant variance in corn yield across the field. When fields like Field
2A are converted to a LDS, it results in a higher corn yield improvement in the remainder
of the yield as shown in Table 5.1. Excluding Field 2A the range is $162 ton-1 to $198
ton-1 with land costs, and $104 ton-1 to $141 ton-1 without land costs.
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Figure 5.1 Field 2A Corn Yield Histogram

Figure 5.2 Field 4B Corn Yield Histogram
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As stated in the methodology and data sections, one of the key improvements
from Soldavini and Tyner’s initial breakeven price model is the use of actual field yields
instead of a uniform yield assumption for all fields. Therefore, we are able to calculate
actual improvements in the corn yield between BAU and LDS corn production. Corn
yield improvement is the increase in corn yield when a producer converts from BAU corn
production to LDS corn production in bushels per acre, because low-yielding corn area is
converted to switchgrass. Under the low WTC criterion, the average improvement is 6.2
bushels per acre, with a range of 2.1 to 12.3 bushels per acre.

Table 5.1 Switchgrass Breakeven Price Model Results, Low WTC Criterion

Field
1A
1B
1C
1D
2A
2B
3A
3B
4A
4B
5A
Average
Standard
Deviation

3.31
6.40
2.12
2.22
12.33
4.73
4.03
11.02
7.49
3.46
11.50
6.24

% of Field
Converted
to
Switchgrass
11.73%
25.06%
7.09%
6.88%
21.27%
18.94%
15.71%
47.83%
56.54%
12.96%
34.55%
0.24

Annualized
Biomass
Production
(tons/yr)
21.84
45.90
11.46
12.13
33.45
26.48
43.41
71.12
93.10
21.51
121.46
45.62

3.82

0.16

35.51

Corn Yield
Improvement
(bu/acre)

Switchgrass Breakeven
Price ($/ton)
With Land
Without
Costs
Land Costs
$172.01
$117.79
$169.82
$110.74
$197.62
$141.00
$189.61
$136.20
$131.66
$88.16
$165.60
$110.21
$167.96
$112.15
$153.43
$98.19
$150.58
$95.93
$170.69
$116.11
$152.86
$98.48
$165.62
$111.36
18.38

16.36

Fields 3B, 4A, and 5A did not have reasonable field geometries for the high WTC
criterion and were excluded for that criterion analysis. Table 5.2 shows the results for the
remaining eight fields. The average BEP for high WTC criterion is $166 ton-1 and $108
ton-1 with and without land costs. The ranges for BEP are $140 ton-1 to $177 ton-1 with
land costs and $91 ton-1 to $122 ton-1 without land costs. Once again, Field 2A is an
outlier. Other than Field 2A, the range is $164 ton-1 to $177 ton-1 with land costs, and
$106 ton-1 to $122 ton-1 without land costs. The average corn yield improvement for high
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WTC criterion is 7.0 bushels per acre, with a range of 3.0 to 14.1 bushels per acre. Table
5.3 shows the average difference between high and low WTC BEPs is $4 ton-1 and $8
ton-1 with and without land costs, respectively. The range of differences is -$8 ton-1 to
$21 ton-1 with land rent, and the without land costs range is -$3 ton-1 to $26 ton-1.
Table 5.4 details the resulting changes between the low and high WTC criteria
analysis for the eight, eligible fields. Corn yield and percent of acres converted to
switchgrass increase by 2.2 bushels per acre and 14% on average, respectively, under
high WTC criterion compared to low WTC. Increasing the corn yield by a bushel per
acre, on average, results in a $3 ton-1 decrease in switchgrass BEP. Increasing the percent
of field converted to switchgrass by one percentage point, on average, reduces
switchgrass BEP by $0.61 ton-1.
Table 5.2 Switchgrass Breakeven Price Model Results, High WTC Criterion

Field
1A
1B
1C
1D
2A
2B
3A
3B
4A
4B
5A
Average
Standard
Deviation

Corn Yield
Improvement
(bu/acre)
6.32
10.27
4.67
3.04
14.13
6.73
5.66

% of Field Annualized Switchgrass Breakeven
Price ($/ton)
Converted
Biomass
to
Production With Land
Without
Switchgrass
(tons/yr)
Costs
Land Costs
31.73%
59.08
$164.82
$106.43
51.44%
94.24
$171.86
$109.30
21.79%
35.22
$176.15
$115.46
10.65%
18.76
$177.28
$122.20
30.68%
48.26
$139.73
$91.18
34.31%
47.97
$164.07
$105.97
28.40%
78.45
$166.27
$107.74

5.07

22.13%

36.75

$166.16

$109.58

6.99

0.29

52.34

$165.79

$108.48

3.56

0.12

24.44

11.71

8.86
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Table 5.3 Difference Between Low and High WTC Switchgrass Breakeven Price ($/ton)
Field
1A
1B
1C
1D
2A
2B
3A
3B
4A
4B
5A
Average
Standard Deviation

Difference (Low - High)
With Land
Without
Costs
Land Costs
$7.19
$11.36
-$2.04
$1.44
$21.47
$25.54
$12.34
$14.00
-$8.07
-$3.02
$1.53
$4.24
$1.69
$4.40

$4.54

$6.53

$4.83
9.05

$8.06
8.85

Table 5.4 Difference Between Low and High WTC Switchgrass Breakeven Price, Corn
Yield Improvement, and Percent of Field Converted to Switchgrass
Difference (Low - High)
Field

Breakeven
Price
($/ton)

Corn Yield
Improvement
(bu/acre)

1A
1B
1C
1D
2A
2B
3A
4B
Average
Standard
Deviation

$7.19
-$2.04
$21.47
$12.34
-$8.07
$1.53
$1.69
$4.54
$4.83

-3.01
-3.87
-2.55
-0.82
-1.81
-2.00
-1.63
-1.61
-2.16

9.05

0.95

Change in BEP ($/ton) per:
Unit (%) of
% of Field Unit (bu/acre)
Field
Converted to
Corn Yield
Converted to
Switchgrass Improvement
SG
-20.00%
-$2.39
-$0.36
-26.39%
$0.53
$0.08
-14.70%
-$8.43
-$1.46
-3.77%
-$15.02
-$3.28
-9.42%
$4.46
$0.86
-15.37%
-$0.77
-$0.10
-12.69%
-$1.04
-$0.13
-9.18%
-$2.82
-$0.49
-13.94%
-$3.19
-$0.61
0.07

5.99

1.25
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5.1.1

Change in Switchgrass Breakeven Price Between Low WTC and High WTC
Field Geometries
Compared to the low WTC criterion, the high WTC criterion decreased the BEP

with land costs for six of the eight fields. Our initial hypothesis was that increasing
switchgrass acreage through less rigid conversion criterion would decrease switchgrass
BEP through operational efficiency. We test this hypothesis by looking at movement
costs. Table 5.5 displays the total movement cost (𝑆𝑆𝑆𝑆𝐶𝐶𝑆𝑆𝑆𝑆𝑆𝑆−𝑖𝑖,𝑗𝑗 ) and the per acre cost of
this operation for each of the eight fields with both low and high WTC analysis. The

average per acre movement cost is $1.85 and $3.44 for high and low WTC, respectively.
The high WTC criterion produces a lower per acre movement cost for 7 of the 8 fields.
However, on average, the high WTC criteria movement cost is just $1.58 per acre less
than the low WTC. The maximum difference is Field 1C with $3.29 per acre, and the
minimum was -$1.21 per acre. The magnitude of the difference isn’t very large compared
to the other harvest costs and the LDS costs as a whole. While the high WTC did reduce
this cost for most fields, it is likely not very significant in the full scheme of LDS costs, at
least under our 10% inefficiency assumption. The initial idea behind low versus high
WTC criteria was that converting more acres to switchgrass consequently reduces harvest
inefficiency and breakeven price through having large, contiguous switchgrass plots.
From these results, it would appear that any induced operation efficiency from those extra
acres converted does not reduce the breakeven price of switchgrass significantly.
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Table 5.5 Difference Between Low and High WTC Switchgrass Harvest Machinery
Movement Costs

Field
1A
1B
1C
1D
2A
2B
3A
4B
Average
Standard
Deviation

Total Movement
Cost ($)
High
Low
WTC
WTC
$12.74
$17.61
$6.68
$13.47
$18.71
$13.83
$21.44
$10.84
$11.98
$14.34
$12.72
$17.62
$11.74
$21.62
$15.52
$18.32
$13.94
$15.96
4.57

3.44

Per Acre Movement
Cost ($/acre)
High
Low
WTC
WTC
$1.05
$3.93
$0.35
$1.43
$2.59
$5.88
$5.57
$4.35
$1.21
$2.09
$1.29
$3.24
$0.73
$2.43
$2.06
$4.15
$1.85
$3.44
1.66

1.44

Per Acre
Movement Cost
Difference
(Low-High)
$2.88
$1.08
$3.29
-$1.21
$0.88
$1.95
$1.70
$2.09
$1.58
1.39

Instead, switchgrass BEP generally decreasing from low to high WTC criterion
was largely due to the interaction with the remaining corn acreage revenue. High WTC
criterion generates lower breakeven prices than low WTC criterion more often than not,
because it decreases the difference from BAU net corn revenue per ton switchgrass. For
all fields, if the breakeven price decreased then the difference from BAU corn net
revenue per ton switchgrass also decreased from low to high WTC, and vice versa. We
will now explain the calculation of the difference from BAU net corn revenue per ton of
switchgrass and its connection to switchgrass breakeven price.
We demonstrate this calculation in Table 5.6 with Field 1C, which had the largest
decrease in switchgrass BEP from low to high WTC criterion. Field 1C’s low and high
WTC field geometries are shown in Figures A.2 and A.8, respectively. The second
column of Table 5.6 shows the corn net revenue for BAU, low WTC criterion LDS, and
high WTC criterion LDS. The corn net revenue decreases in that order. Therefore, Field
1C’s difference from BAU corn net revenue increases when going from low to high
WTC. This is shown in the third column of Table 5.6. For example, low WTC’s
difference from BAU corn net revenue is just BAU corn net revenue minus low WTC
corn net revenue. To compute the difference from BAU corn net revenue per ton
switchgrass for Field 1C’s low WTC and high WTC geometries, we take difference from
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BAU corn net revenue (column three of Table 5.6) and divide it by the total amount of
switchgrass produced in tons (column four of Table 5.6). This resulting value gives us the
difference from BAU corn net revenue per ton switchgrass for both low WTC and high
WTC geometries of Field 1C, which is shown in column five of Table 5.6.
When we go from low WTC to high WTC criteria for Field 1C, Table 5.7 shows
that the difference from BAU corn net revenue per ton switchgrass decreases.
Additionally, the switchgrass breakeven price decreases. This aligns with the relationship
previously stated, if the breakeven price decreased then the difference from BAU corn net
revenue per ton switchgrass also decreased from low to high WTC, and vice versa. Each
of the eight fields satisfy this relationship, as shown in Table 5.7.
Field 2A is the only field to have its corn net revenue rise after adopting a LDS.
Once again, it is due to the area of highly unprofitable corn area that is removed from
production in a LDS. Additionally, some of the smaller changes in switchgrass breakeven
price may not specifically be due to the change in corn net revenue. These smaller
changes like Field 2B could be due to the operational efficiency.

Table 5.6 Field 1C’s Corn Revenue Analysis with Land Rent for BAU, Low WTC LDS,
and High WTC LDS Cases

Corn Production
Case

Corn Net
Revenue
($)

BAU
Low WTC LDS
High WTC LDS

$5,239.27
$4,680.34
$4,241.15

Difference
from BAU
Corn Net
Revenue,
∆𝑁𝑁𝑅𝑅𝑖𝑖,𝑗𝑗 ($)
--$558.93
$998.12

Switchgrass
Area
(acres)
--2.35
7.23

Difference from
BAU Corn Net
Revenue Per Ton
Switchgrass
Produced ($/ton)
--$48.77
$28.34
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Table 5.7 Relationship Between Switchgrass Breakeven Price (SG BEP) with Land Rent
and the Difference from BAU Corn Net Revenue Per Ton Switchgrass Produced

Field
1A
1B
1C
1D
2A
2B
3A
4B
Average
Standard
Deviation

SG BEP with Land
Rent ($/ton)
Low
High
WTC
WTC
$172.01
$164.82
$169.82
$171.86
$197.62
$176.15
$189.61
$177.28
$131.66
$139.73
$165.60
$164.07
$167.96
$166.27
$170.69
$166.16
$170.62
$165.79
19.43

11.71

Difference from BAU Corn Net Revenue
Per Ton Switchgrass Produced ($/ton)
Low WTC

High WTC

$23.56
$21.89
$48.77
$41.08
-$0.13
$16.97
$19.95
$22.33
$24.30

$17.32
$24.50
$28.34
$28.85
-$0.10
$16.20
$18.38
$17.16
$18.83

14.93

9.21

The difference from BAU corn net revenue per ton switchgrass is tied to the
resulting corn yield from the remaining corn acreage in each field geometry. Figure 5.3
contextualizes the relationship between corn yield improvement, percent of field
converted to switchgrass, and the field’s resulting switchgrass breakeven price. This
relationship is what drives the change in switchgrass breakeven price when going from
low to high WTC criterion, or just changing the geometry, for each field. We will explain
this interaction using Figure 5.3 as a guide. When a producer converts an additional acre
to switchgrass in a LDS, generally the corn net revenue will fall, because they are losing
an acre of corn production. There are two possible changes in the corn yield of the
remaining corn acres in the LDS following the conversion of an additional acre to
switchgrass. If the corn yield of the remaining corn acreage increases by a sufficient
amount, then the corn net revenue decrease relative to BAU case is minimal enough.
Thus, the difference from BAU corn net revenue per ton switchgrass will fall and
subsequently so will switchgrass breakeven price. If the corn yield of the remaining corn
acreage does not increase by a sufficient amount, then the corn net revenue relative to
BAU case will be too large. Thus, the difference from BAU corn net revenue per ton
switchgrass will rise and subsequently so will switchgrass breakeven price.
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Figure 5.3 Relationship Between Corn Yield Improvement, Percent of Field Converted to
Switchgrass, and Switchgrass Breakeven Price
Within a landscape design system, there is a unique increase in corn yield
necessary for each field to decrease switchgrass breakeven price when the producer
converts an additional acre to switchgrass. This corn yield increase must be large enough
to offset the additional costs of establishing that next acre of switchgrass and any lost
revenue. If that corn yield increase can accomplish that goal, then the difference from
BAU corn net revenue per ton switchgrass will fall and so will switchgrass breakeven
price. Each field has a unique corn yield distribution, so that necessary corn yield
increase changes for each field. An example of the corn yield not increasing sufficiently
will arise in the analysis of our environmental criteria in Section 5.2.2.
In general, increasing the amount of switchgrass acres will boost the corn yield of
the remaining corn acres for a field under a LDS. This relationship between percent of the
field converted to switchgrass to corn yield improvement is linear up to a certain percent
level. Figure 5.4 shows the relationship between corn yield improvement and percent of
field converted to switchgrass. The relationship is certainly linear for the lower
percentages, excluding a few outliers. As you approach higher percentages, the trend is
not as identifiable. It would make sense that the corn yield will stop increasing linearly as
you approach higher conversion percentages, because a producer will start converting
acres with higher corn yields. Thus, the yield improvement of the remaining corn acres

95
will be minimal by converting that acre. It is logical that the corn yield would be
important in our analysis, because we had access to corn yield distribution data for each
field. This information adds a new dimension to the analysis that was not available for the
original Soldavini and Tyner analysis. As discussed, the key to minimize each field’s
switchgrass breakeven price will be optimizing the relationship between corn yield
improvement and percent of field converted to switchgrass. This will yield the minimum
difference from BAU corn net revenue per ton switchgrass and lowest possible

Corn Yield Improvement (bu/acre)

switchgrass breakeven price for the field.
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Figure 5.4 Relationship Between Corn Yield Improvement and Percent of Field
Converted to Switchgrass

5.1.2

Environmental Improvements and Breakeven Price with Environmental
Valuations
The environmental analysis shows the reductions in nitrate leaching, SOC loss,

and water erosion when a farmer switches from BAU corn production to a LDS. The
valuations help estimate the quantitative change in switchgrass breakeven price by
improving environmental characteristics assuming the farmer receives payments equal to
the value of the environmental improvements. However, the values from existing
literature are just approximations. Valuation of environmental services is difficult and
there is no clear consensus on one value, or even a compact range of values. Tables 5.8
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and 5.9 present environmental improvements and switchgrass BEPs with and without
environmental valuations for the low and high WTC, respectively. With that said, the
average switchgrass BEP with environmental valuations is $145 ton-1 and $91 ton-1 with
and without land rent, respectively, for the low WTC criterion. The average switchgrass
BEP with environmental valuations is $145 ton-1 and $90 ton-1 with and without land
rent, respectively, for the high WTC criterion. On average, environmental valuations
decrease the switchgrass BEP by $21 ton-1 and $20 ton-1 for the high and low WTC
criteria, respectively.
The switchgrass BEPs with environmental valuations are lower, because we
assume the farmer is compensated for those environmental services employed by
undertaking a LDS with switchgrass. Based on the literature, we assume that integrating
switchgrass will only improve environmental characteristics and the consequent
switchgrass BEPs will decrease. We are hesitant to make conclusions for the breakeven
prices with valuations due to the high uncertainty in the literature estimates. Still, the
valuations decrease the switchgrass breakeven price by about $20 ton-1, demonstrating
that environmental value can be gained in a LDS.
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Table 5.8 Annual Environmental Improvements for Entire Field and SG Breakeven
Prices with Environmental Valuations, Low WTC Criterion Compared to BAU

Field

1A
1B
1C
1D
2A
2B
3A
3B
4A
4B
5A
Average
Standard
Deviation

Nitrate
SOC Loss
Leaching
Rate
Rate
Reduction
Reduction
(lbs.
(lbs.
N/acre)
N/acre)

Water
Erosion
Reduction
(tons/acre)

SG Breakeven
Price ($/ton)

3.46
4.89
1.22
1.72
23.36
4.77
4.01
10.42
12.29
2.66
6.50
6.85

117.30
250.56
70.89
68.83
201.22
29.40
147.29
736.94
565.40
129.57
452.33
251.79

0.19
0.68
0.23
0.16
0.07
0.13
0.22
0.75
0.67
0.14
0.94
0.38

With
Land
Costs
$172.01
$169.82
$197.62
$189.61
$131.66
$165.60
$167.96
$153.43
$150.58
$170.69
$152.86
$165.62

6.47

231.54

0.31

18.38

Without
Land
Costs
$117.79
$110.74
$141.00
$136.20
$88.16
$110.21
$112.15
$98.19
$95.93
$116.11
$98.48
$111.36
16.36

SG Breakeven
Price w/
Environmental
Valuations ($/ton)
With
Without
Land
Land
Costs
Costs
$151.76 $97.54
$150.92 $91.83
$178.81 $122.19
$169.83 $116.41
$95.15
$51.65
$157.48 $102.09
$149.52 $93.71
$128.29 $73.05
$132.41 $77.77
$152.87 $98.29
$130.29 $75.91
$145.21 $90.95
22.84

20.30
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Table 5.9 Annual Environmental Improvements for Entire Field and SG Breakeven
Prices with Environmental Valuations, High WTC Criterion Compared to BAU
Nitrate
SOC Loss
Leaching
Water
Rate
Erosion
Rate
Reduction
Reduction
Reduction
(lbs.
(tons/acre)
(lbs.
N/acre)
N/acre)

Field

1A
1B
1C
1D
2A
2B
3A
4B
Average
Standard
Deviation

SG Breakeven
Price ($/ton)

7.30
10.66
3.70
2.60
29.96
8.25
6.88
4.44
9.22

317.30
514.44
217.90
106.49
291.29
343.14
283.99
221.33
286.98

0.67
0.98
0.76
0.18
0.13
0.24
0.40
0.17
0.44

With
Land
Costs
$164.82
$171.86
$176.15
$177.28
$139.73
$164.07
$166.27
$166.16
$165.79

8.78

118.02

0.32

11.71

Without
Land
Costs
$106.43
$109.30
$115.46
$122.20
$91.18
$105.97
$107.74
$109.58
$108.48
8.86

SG Breakeven
Price w/
Environmental
Valuations ($/ton)
With
Without
Land
Land
Costs
Costs
$145.61
$87.22
$153.33
$90.77
$157.17
$96.48
$158.09 $103.00
$105.84
$57.29
$145.81
$87.71
$147.37 $105.72
$148.73
$92.15
$145.24
$90.04
16.66

14.86

The average rate reduction in nitrate leaching, SOC loss, and water erosion when
a producer switches from BAU to LDS corn production under the low WTC criterion is 8
lbs. N per acre, 252 lbs. C per acre, and 0.38 tons soil per acre, respectively. The average
rate reductions for the high WTC criterion are 11 lbs. N per acre, 287 lbs. C per acre, and
0.44 tons soil per acre. The difference in averages between low and high WTC is not
significant. Still, high WTC criterion yield higher reductions for all environmental
qualities across all eight fields with both criteria analyses. Table 5.10 presents the percent
reduction in each environmental characteristic between BAU and LDS corn production
for high WTC criterion. The reductions for Fields 3B, 4A, and 5A are low WTC
criterion, because they did not have a high WTC analysis.
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Table 5.10 Percent Reduction in Environmental Rates Between BAU and LDS
Production for the Whole Field for High WTC; Low WTC for Fields 3B, 4A, 5A

5.2

Field

Nitrate
Leaching Rate

SOC Loss
Rate

Water
Erosion Rate

1A
1B
1C
1D
2A
2B
3A
3B
4A
4B
5A
Average
Standard Deviation

31.6%
18.6%
16.9%
26.4%
9.5%
4.8%
14.5%
25.0%
29.1%
11.6%
16.7%
18.6%
8.5%

31.5%
69.2%
99.8%
7.6%
64.3%
29.2%
205.1%
186.5%
97.9%
56.0%
311.7%
105.3%
92.4%

18.2%
33.2%
30.8%
58.0%
41.2%
11.7%
31.3%
57.8%
63.6%
15.7%
58.3%
38.2%
18.9%

Environmental Criteria Results
This section features results on the switchgrass breakeven price utilizing

environmental based criteria to form switchgrass subfields. Only three fields are analyzed
with environmental criteria, Fields 1C, 3B, and 5A. Once the results from each
environmental criterion are presented, we will compare the results to those from the
profitability criterion.
5.2.1

Switchgrass Breakeven Price Results
This section provides the results of the switchgrass breakeven price analysis for

Fields 1C, 3B, and 5A for the environmental criteria. Table 5.11 details these results. To
reiterate, the environmental criteria for field geometry are hybrid, water erosion, nitrate
leaching, and ALL. Nitrate leaching and water erosion field geometries are created based
solely on those properties for each field. Using nitrate leaching as an example, farmers
will convert land to switchgrass if the nitrate leaching rate for that area is at least one-half
standard deviation higher than the mean of the field. We use the same metric to form
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field geometries for the water erosion criterion. The ALL criterion states a farmer will
convert area to switchgrass if it meets a profitability, nitrate leaching, and water erosion
criteria. Fields 3B and 5A use low WTC as the profitability criterion while Field 1C uses
high WTC. The hybrid criterion states a farmer will convert area to switchgrass if it
meets a profitability criterion and the nitrate leaching or water erosion criteria.
Field 5A’s switchgrass breakeven price with land costs for the hybrid, water
erosion, nitrate leaching, and ALL criterion is $152 ton-1, $159 ton-1, $171 ton-1, and
$228 ton-1, respectively. The hybrid criterion produced the lowest BEP of the
environmental criteria for two of the three fields. Field 1C’s hybrid criterion breakeven
price is about $4 ton-1 higher than the nitrate leaching criterion. The hybrid criterion
unsurprisingly produces the lowest BEP, because it has a profitability criterion
embedded. As long there is some overlap between unprofitable and poor environmental
area, it will produce the lowest BEP of the environmental criteria. For Field 1C, there
wasn’t as much overlap, so the hybrid criterion BEP was higher than the two solely
environmental-based criteria. Figures 5.5, 5.6, and 5.7 show the environmental criteria
field geometries for Field 1C.

Figure 5.5 Field 1C Hybrid Criterion Geometry
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Figure 5.6 Field 1C Water Erosion Criterion Geometry

Figure 5.7 Field 1C Nitrate Leaching Criterion
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The ALL criterion is likely too restrictive. For Field 1C, it only produced one
small subfield that was less than our 3x3-block standard. Field 3B did not have any
overlap between the low WTC, nitrate leaching, and water erosion subfields. Therefore,
we only analyzed Field 5A’s ALL criterion, which resulted in a switchgrass BEP of $228
ton-1. This value is over $50 ton1 more than the next highest environmental-based BEP
for Field 5A, so the ALL criterion is likely too restrictive to use for subfield selection.
From the variety of results by employing environmental and economic criteria to form
field geometries, it is evident that results will vary by field and its properties.

Table 5.11 Breakeven Price Model Results for Hybrid, Water Erosion (WE), Nitrate Leaching (NL), and ALL Criteria

Field

1C

3B

5A

Geometry
Criterion

Corn
Yield
Increase
(bu/acre)

% of Field
Converted
to
Switchgrass

High WTC
Hybrid
WE
NL
Low WTC
Hybrid
WE
NL
Low WTC
Hybrid
WE
NL
ALL

4.67
2.03
1.13
1.34
11.02
7.52
3.00
0.08
11.50
9.14
5.43
2.37
1.58

21.79%
11.90%
17.21%
20.74%
47.83%
35.24%
20.19%
34.97%
34.5512%
26.1535%
18.80%
23.69%
2.65%

SG Breakeven
Price ($/ton)
Without
With
Land
Land
Costs
Costs
$115.46 $176.15
$132.04 $193.27
$127.84 $192.59
$124.35 $189.21
$98.48
$152.70
$99.00
$154.61
$105.04 $164.24
$111.32 $168.00
$98.48
$152.70
$99.00
$151.80
$105.04 $158.72
$111.32 $170.80
$186.78 $227.75

SG Breakeven Price ($/ton) With
Land Costs and:
Env.
SHIPP
Valuation Payments
$157.17
$174.73
$173.80
$171.05
$128.29
$136.48
$146.41
$149.87
$130.29
$133.05
$139.63
$152.10
$207.39

$148.45
$165.48
$164.98
$161.67
$125.23
$127.22
$136.69
$140.60
$125.23
$124.34
$131.15
$143.31
$197.87

CRP
Payments
$107.98
$125.29
$124.60
$121.22
$84.72
$86.62
$96.25
$100.01
$84.72
$83.82
$90.74
$102.81
$159.76
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5.2.2

Comparison to Profitability Criteria
For Fields 1C and 3B, using water erosion or nitrate leaching as the sole criterion

for creating subfields produced switchgrass BEPs at least $10 ton-1 higher than
profitability criterion. Field 1C’s switchgrass BEPs for the various environmental criteria
were all at least $13 ton-1 more than the high WTC BEP. As mentioned, Field 1C
unprofitable and poor environmental areas did not significantly overlap. Field 3B overlap
was slightly higher while Field 5A’s was the greatest.
Field 3B BEP for hybrid criterion is $155 ton-1, which is about $2 ton-1 greater
than the BEP for the low WTC criterion. A key result is that the hybrid criterion, a
combination of economic and environmental requirements, produces a marginally lower
switchgrass breakeven price with land costs than the low WTC criterion for Field 5A.
The low WTC criterion switchgrass BEP with land costs is $152.70 ton-1, which is $0.90
ton-1 higher than the switchgrass BEP with land costs for the hybrid criterion. Therefore,
two of the three fields’ hybrid criterion produced BEPs competitive with profitability
criterion BEPs.
We note the difference between Field 5A’s low WTC and hybrid criterion
analysis, because of the interaction between corn yield improvement, percent of acres
converted to switchgrass, and BEP. The interactions between these variables within a
single field analysis shed light to our discussion in Section 5.1.1. The low WTC criterion
converts more acreage to switchgrass than the hybrid criterion, but produces higher
breakeven price. The low WTC criterion analysis also has a higher corn yield
improvement than the hybrid criterion. This ties back to the resulting change in corn net
revenue. The low WTC criterion difference from BAU corn net revenue per ton was
$5.31, while the hybrid criterion difference from BAU corn net revenue per ton was
$4.18. Thus, the hybrid criterion generates a marginally lower switchgrass BEP, because
the corn yield improvement from hybrid to low WTC criterion was not significant
enough to lower the difference from BAU corn net revenue per ton. Additionally, the
hybrid criterion rate of corn yield improvement per percent of field converted to
switchgrass is 0.35 bushels per acre per percent, while the low WTC criterion rate is
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marginally lower at 0.33. Utilizing various criterion to create multiple geometries for one
field helps support our conclusion summarized in Section 5.1.1
Overall, factoring in environmental characteristics to create subfields did not
significantly reduce switchgrass BEPs compared to just using profitability. While the
hybrid criterion BEP is lower than the low WTC criterion for Field 5A, all of the other
environmental-based criteria produce higher values for the BEPs across the three fields.
We acknowledge we are using literature values to calculate improvements in
environmental properties, but the environmental-based BEPs are still higher than
profitability-based even if we factor in environmental improvement payments. This is
shown in Table 5.11. Table 5.12 shows the percent improvement in environmental
properties for the various criteria analyses. This analysis shows that the overlap between
poor environmental and unprofitable areas will vary between fields, evident by the
difference between Field 1C and 5A. Environmental standards for subfield selection
alone will produce higher BEPs. A mix between environmental and profitability, like our
hybrid criterion, is best if one must include the environmental standards.

Table 5.12 Percent Reduction in Environmental Characteristics Between BAU Corn
Production and a LDS Utilizing Environmental Criteria
Field

Geometry
Criterion

High WTC
Hybrid
1C
WE
NL
Low WTC
Hybrid
3B
WE
NL
Low WTC
Hybrid
5A
WE
NL
ALL
Average
Standard Deviation

Nitrate
Leaching Rate

SOC Loss
Rate

Water Erosion
Rate

16.92%
5.07%
6.80%
12.52%
24.98%
17.12%
7.00%
20.40%
16.72%
12.37%
8.08%
15.22%
1.58%
12.7%
6.7%

99.76%
35.10%
50.54%
61.18%
186.54%
89.11%
51.00%
88.51%
311.70%
180.20%
129.65%
163.25%
18.25%
112.7%
81.2%

30.76%
22.20%
38.69%
12.18%
57.83%
51.47%
49.10%
21.62%
58.29%
51.09%
46.96%
19.48%
6.55%
35.9%
18.0%
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5.3

Policy Integration Results
In this section, we present the results of the high WTC criterion switchgrass

breakeven price with policy overlays. The two policies evaluated are the Conservation
Reserve Program (CRP) and the Soil Health and Income Protection Program (SHIPP).
Under the CRP policy, farmers will be reimbursed for 90% of the establishment costs and
10% of the maintenance costs. They also receive an annual payment equal to the full soil
rental rate (SRR), which we assume to be $266 per acre, and a signing incentive payment
of $150 per acre in the first year. The SHIPP policy does not reimburse for establishment
or maintenance. Producers receive an annual payment equal to one-half the SRR, and
they receive a 2% increase in their crop insurance subsidy for all acres under the same
farm serial number as the acres they enroll in SHIPP.
We use the low WTC criterion analysis for the three fields without a high WTC
criterion analysis. We will not present the environmental criteria with policy results,
because they were all higher switchgrass BEPs except for one case. Payments from CRP
and SHIPP reduce the average switchgrass BEP to $135 ton-1 and $94 ton-1, respectively.
Table 5.13 details the switchgrass BEPs with CRP and SHIPP policy payments.
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Table 5.13 Summary of Switchgrass Breakeven Prices with Policy Overlays
SG Breakeven Price (BEP) with Land Costs ($/ton)
Field
1A
1B
1C
1D
2A
2B
3A
3B
4A
4B
5A
Average
Standard
Deviation

$165.79

W/ Env.
Valuations
$145.61
$153.33
$157.17
$158.09
$105.84
$145.81
$147.37
$128.29
$132.41
$148.73
$130.29
$141.17

W/ SHIPP
Payments
$137.23
$144.35
$148.45
$149.20
$112.17
$136.50
$138.65
$125.94
$123.11
$138.47
$125.31
$134.49

W/ CRP
Payments
$96.66
$103.69
$107.98
$109.08
$71.60
$95.91
$98.10
$85.29
$82.44
$98.00
$84.72
$93.95

11.71

15.61

11.57

11.65

Low WTC

High WTC

$172.01
$169.82
$197.62
$189.61
$131.66
$165.60
$167.96
$153.43
$150.58
$170.69
$152.86
$165.62

$164.82
$171.86
$176.15
$177.28
$139.73
$164.07
$166.27

18.38

$166.16

The CRP and SHIPP payments reduce the average switchgrass BEP, on average,
by about $68 ton-1 and $28 ton-1, respectively. As we mentioned in Section 4.4.2, each
field receives the same CRP payment. There is not much variability in the SHIPP
payments each field collects, because we assume their SRR payments are the same and
equal to a land rent of $266 acre-1. SRR accounts for nearly all of the SHIPP payment
farmers receive. The range of switchgrass BEP with land costs and SHIPP payments is
$112 ton-1 to $149 ton-1. The range of switchgrass BEP with land costs and CRP
payments is $72 ton-1 to $109 ton-1. The CRP payments result in lower switchgrass BEPs,
because they pay farmers the full SRR while SHIPP pays for just half of the SRR. From
these results, it is clear that both SHIPP and CRP can significantly reduce the switchgrass
breakeven price in a LDS.
The Biomass Crop Assistance Program (BCAP) is another policy we considered
to test the impact on switchgrass breakeven price in a LDS. BCAP pays farmers $20 per
ton of switchgrass produced for two years, and they reimburse farmers for 50% of the
establishment costs up to $500 per acre. Our hypothesis is that this program would
minimally reduce the switchgrass breakeven price for the farmer over ten years. We ran
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this policy for Field 5A to test its impact. BEP reduced the switchgrass breakeven for
Field 5A’s low WTC criterion analysis by just under $7 ton-1, which is the smallest
reduction out of all of the potential programs.
5.3.1

Effectiveness of CRP and SHIPP Policy
In terms of societal gain, the only benefit of a private farmer employing a LDS

with CRP or SHIPP payments is the environmental improvements from integrating
switchgrass. Therefore, in order to assess an approximate effectiveness of the policy with
respect to society well-being, we compare the costs of each policy to the total
environmental improvement valuation using the literature estimates. The average per acre
SHIPP and CRP payments across the 11 fields are $134 and $332 per acre, respectively.
The nitrate leaching and water erosion rate reductions for each field are shown in Table
5.14.
For this comparison, we are only considering the benefits of reduced nitrate
leaching and water erosion, because the benefits of reduced SOC loss are relatively
unproven in existing literature. The average nitrate leaching and water erosion rate
reductions across all fields are 9.4 lbs. N per acre and 0.5 tons per acre, respectively. We
multiply these values by the average ratio of switchgrass acreage to whole field, which is
0.34, to find the reduction values in terms of per acre switchgrass. Lastly, we calculate
the approximate minimum, average, and maximum per switchgrass acre valuation of both
improvements using the literature estimates. The environmental improvement and
valuation constants from literature can be found in Table 4.10. Lastly, we sum the per
acre improvements together and compare it to the per acre costs of SHIPP and CRP
policy payments. This comparison is shown in Table 5.15. Using the maximum literature
valuations for both nitrate leaching and water erosion reductions, they are still just 47%
and 19% of the costs of SHIPP and CRP, respectively. In terms of a rough benefit-cost
ratio for society, the policy costs heavily outweigh the environmental benefits. This does
not factor in other environmental benefits like wildlife habitat retention and species
diversity, but we would still expect the overall conclusion would not significantly change.
While the CRP and SHIPP programs do help to reduce switchgrass BEP in a LDS, their
effectiveness in achieving environmental benefits relative to their cost is low.
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Table 5.14 SHIPP Payment and Nitrate Leaching and Water Erosion Reductions For
High WTC Criterion Field Geometry, Low Criterion for Fields 3B, 4A, and 5A
Field
1A
1B
1C
1D
2A
2B
3A
3B
4A
4B
5A
Average
Standard
Deviation

SHIPP Annualized
Payments ($/acre)

Nitrate Leaching
Reduction (lbs. N/Acre)

Water Erosion
Reduction (tons/acre)

$133.79
$133.67
$133.75
$133.33
$134.25
$135.93
$133.88
$133.38
$133.27
$134.23
$133.66
$133.92

7.30
10.66
3.70
2.60
29.96
8.25
6.88
10.42
12.29
4.44
6.50
9.36

0.67
0.98
0.76
0.18
0.13
0.24
0.40
0.75
0.67
0.17
0.94
0.54

0.74

7.47

0.32

Table 5.15 Comparing Policy Payment Costs and Environmental Improvement
Valuations of SHIPP and CRP ($ per switchgrass acre)

Minimum Valuation
Average Valuation
Maximum Valuation

5.4

Nitrate
Leaching
Reduction
Valuation
$13.92
$30.34
$55.66

Water
Erosion
Reduction
Valuation
$5.25
$6.37
$7.48

Environmental
Valuation Sum

SHIPP
Payment

CRP
Payment

$19.17
$36.70
$63.15

$133.92

$331.68

Stochastic Results
This part of the results contains the stochastic analysis. These results add onto

the initial static results performed by adding stochastic, or random, distributions to certain
variables. This provides a better picture of the distribution of breakeven switchgrass
price, given the inherent uncertainty in key variables. We can compute distributions of
breakeven prices for each field, and see the full landscape of possibilities. We insert
stochastic distributions for the following inputs in our model: corn price, corn yield,
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switchgrass yield, corn harvest costs, switchgrass harvest cost, and environmental
improvement constants. All of the distributions in this analysis are PERT distributions.
Table 4.14 displays each of these stochastic distribution input values for corn price,
switchgrass yield, corn harvest costs, and switchgrass harvest costs. Table 4.10 shows the
values used for the environmental improvement distributions and Table 4.15 contains the
corn yield input quantities.
We run stochastic analysis for the high WTC criterion for all fields, except Fields
3B, 4A, and 5A used the low WTC criterion for the stochastic analysis. Table 5.16
displays the 5th and 95th percentile values for switchgrass BEP stochastic analysis for
each field, in addition to the mean, median, and standard deviation. Those two percentile
values represent approximate minimum and maximum values for the BEP, because the
extreme tails of the distribution are unlikely. The average 5th and 95th percentile value
across all across fields is $148 ton-1 and $179 ton-1, so the range between the 5th and 95th
percentile BEPs is $31 ton-1. The lowest 5th percentile BEP, besides Field 2A, is Field 4A
with $141 ton-1.

Table 5.16 Stochastic Distribution of Switchgrass Breakeven Prices with Land Costs for
High WTC Field Geometry, Low WTC for Fields 3B, 4A, and 5A
Field
1A
1B
1C
1D
2A
2B
3A
3B
4A
4B
5A
Average
Standard
Deviation

SG Breakeven Price (BEP) with Land Costs ($/ton)
5th
95th
Standard
Median
Mean
Percentile
Percentile
Deviation
$150.57
$164.75
$165.27
$181.37
9.465
$157.40
$171.57
$172.33
$189.31
9.633
$161.64
$175.89
$176.64
$194.24
9.763
$157.74
$177.15
$177.75
$199.63
12.696
$124.79
$139.65
$140.03
$157.28
9.719
$149.62
$163.76
$164.49
$181.70
9.698
$151.99
$166.00
$166.72
$183.93
9.609
$141.92
$153.59
$154.11
$168.38
8.144
$140.48
$150.59
$151.06
$163.36
6.937
$151.46
$165.89
$166.61
$183.58
9.911
$141.78
$152.74
$153.49
$167.66
7.974
$148.13
$161.96
$162.59
$179.13
9.41
10.38

11.59

11.67

13.34

1.46
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We also present the stochastic results for the switchgrass BEP with land costs and
CRP payments in Table 5.17. We are not showing the SHIPP results, because the CRP
produces lower BEPs due to its higher annuity payment. The average 5th and 95th
percentile value across the fields is $85 ton-1 and $104 ton-1. Field 2A’s 5th percentile
BEP is $59 ton-1, while the next lowest 5th percentile values are three fields (3B, 4A, and
5A) who are all around $79 ton-1.

Table 5.17 Stochastic Distribution of Switchgrass Breakeven Prices with Land Costs and
CRP Payments for High WTC Field Geometry, Low WTC for Fields 3B, 4A, and 5A
Field
1A
1B
1C
1D
2A
2B
3A
3B
4A
4B
5A
Average
Standard
Deviation

SG Breakeven Price (BEP) with Land Costs and CRP Payments ($/ton)
5th
95th
Standard
Median
Mean
Percentile
Percentile
Deviation
$87.36
$96.72
$96.85
$106.66
5.78
$95.08
$103.71
$103.92
$113.36
5.55
$99.36
$107.92
$108.23
$118.01
5.60
$93.84
$109.09
$109.34
$126.13
9.78
$58.74
$71.46
$71.61
$84.91
7.94
$85.45
$95.91
$96.08
$107.03
9.70
$88.90
$98.05
$98.30
$108.43
5.82
$79.14
$85.35
$85.70
$94.09
4.73
$78.96
$82.45
$82.66
$87.29
2.59
$88.08
$98.08
$98.20
$109.10
6.33
$79.08
$84.70
$85.08
$92.89
4.32
$84.91
$93.95
$94.18
$104.35
6.19
11.01

11.67

11.67

13.04

2.19

The stochastic analysis still reveals that policy intervention is needed to drive
down the switchgrass BEP in a LDS. Even under an optimistic set of assumptions, the
BEP without policy payments averages about $148 ton-1. With that said, some fields
nearly guarantee a switchgrass breakeven price under $100 ton-1 with CRP policy
payments. Table 5.18 details the percent chance a field’s switchgrass BEP with land costs
and CRP payments will be less than $100 ton-1. Fields 2A and 4A register a 100% chance
of a switchgrass BEP under $100 ton-1. Fields 3B and 5A have a 99.6% and 98.2%
chance, respectively. Therefore, the stochastic analysis reveals that some field’s BEP
reduces significantly through the introduction of CRP policy in a LDS.
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Table 5.18 Percent Chance SG Breakeven Price with Land Costs and CRP Payments is
Less Than $100 ton-1 for High WTC Criterion, Low WTC for Fields 3B, 4A, and 5A
Field

% Chance

1A
1B
1C
1D
2A
2B
3A
3B
4A
4B
5A
Average
Standard
Deviation

71.3%
24.2%
6.8%
17.6%
100.0%
73.8%
63.2%
99.6%
100.0%
62.1%
98.2%
65.2%
34.9

The static BEPs did not differ significantly from the mean BEPs from the stochastic
analysis. However, the value added from performing stochastic analysis is attaining a full
picture of the possible switchgrass BEPs in a LDS under input uncertainty. This analysis
concludes that under an optimistic set of assumptions, like low corn price and high
switchgrass yield, the switchgrass BEP can fall significantly. The average 5th percentile
switchgrass BEP with land costs across the 11 fields is $148 ton-1. When we add CRP
policy payments, that average drops to $85 ton-1. At the same time, the average 95th
percentile switchgrass BEP with land costs and CRP payments is $104 ton-1. This value
reflects an unfavorable set of assumptions, like poor switchgrass yields and high corn
harvest costs from inefficiency. Therefore, the stochastic analysis is crucial to understand
this range of potential values and helps us accurately reflect the realistic uncertainty of
our inputs.
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CONCLUSION

6.1

Summary of Results
Recently, Idaho National Laboratory (INL) researchers estimated that biorefineries

are willing to pay $82.86 per dry ton for biomass (Kenney, 2018). In our stochastic
analysis, the lowest possible switchgrass BEP with land costs and without policy
payments is Field 2A’s low WTC criterion with $110 ton-1. This value is under the most
optimistic set of assumptions, such as low corn prices, high switchgrass yield, and high
corn harvest costs. Additionally, Field 2A has ideal characteristics for a LDS with a large
portion of the field containing low corn yield. The more likely, average switchgrass BEP
with land costs and without policy payments for low WTC and high WTC criteria is $167
ton-1 and $166 ton-1, respectively. Therefore, it is clear that a policy is necessary to bring
the switchgrass breakeven price closer to INL’s estimate, which biorefineries and
alternative markets are willing to pay.
Using our land rent value of $266 per acre as the soil rental rate, a farmer is paid an
annuity of $336 per acre for an actual, ten-year contract of CP-38. We used a modified
CRP to better align it with a LDS that harvests switchgrass. The annualized per acre
payment for our version of the CRP policy is $332. Therefore, the per acre payment is
slightly less than a current CRP. With CRP and SHIPP payments, the average
switchgrass BEP with land costs is $94 ton-1 and $136 ton-1. Four of the eleven fields
have average switchgrass BEPs with lands costs and CRP payments below INL’s
estimate of about $83 ton-1. CRP payments will make switchgrass production in a LDS
more economically viable and potentially price competitive for select fields. We did
analyze the effectiveness of each policy in terms of societal benefit represented by the
environmental improvements through undertaking a LDS compared to BAU production.
This analysis does not include any net gain to society in terms of producing biomass.
That would necessitate a more technical benefit-cost approach that requires quantifying
the gains and losses associated with decreased corn production and increased biomass
cultivation across the supply chain. We found the maximum benefits of environmental
improvements from an LDS, utilizing literature estimates, to be 47% and 19% of the
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costs of SHIPP and CRP policy payments, respectively. Thus, neither policy is
particularly effective in providing environmental benefits to society relative to the costs.
It is important to keep in mind that a landscape design system is a small scale, subfield
management structure, and any environmental improvements at that magnitude will be
minimal.
Our hypothesis, and that of many others, was that there would be high overlap
between a field’s unprofitable areas and sections with poor environmental qualities. We
find that this is not always the case, and the relationship between environmental quality
and profitability varied for each field. In fact, in general, the overlap between profitability
and environmental damage was much less than expected. This was demonstrated through
our use of multiple criteria to select subfields and the subsequent breakeven price for that
arrangement. The environmental criterion analysis alone, water erosion and nitrate
leaching, produces higher switchgrass BEPs as opposed to utilizing profitability criterion
to create field geometries. However, Field 5A’s hybrid criterion field geometry, which
combines both environmental and profitability benchmarks, generated a similar
switchgrass BEP than the low WTC criterion. It was lower by just $0.90 ton-1. At the
same time, Field 1C’s hybrid criterion switchgrass BEP is $17 ton-1 higher than the high
WTC criterion BEP.
This is not to say that employing a LDS will not improve the environmental quality
of the land, because the literature agrees it will. We are stating that the most
environmentally degraded areas do not always align with the most unprofitable portions.
Fields 1C and 3B, whose environmental and economic distributions could not create a
feasible ALL criterion field geometry, best expressed this.
This interaction characterizes a main result of this study. Employing an LDS is a
precision agriculture method, so one must analyze it at that granularity as well. Thus, a
landscape design system is not fit for all fields and should be analyzed on a case-by-case
basis. While Field 2A is quite different from the other study fields, it serves as model for
fields that are fit for a LDS. Field 2A has a large, contiguous plot of unprofitable and
poor environmental quality area with a yield that deviates from the field’s average.
Identifying these types of fields will keep switchgrass BEPs low in addition to finding the
optimal geometry of switchgrass subfields.
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Optimizing field geometry can also further lower switchgrass BEP in a LDS. Each
field has a unique pattern of corn yield variation. From our results, we conclude that there
is an optimal percent of acres converted to switchgrass and subsequent corn yield
improvement. This optimization will in turn minimize the difference from BAU corn net
revenue and the subsequent switchgrass BEP. We believe that this relationship is
instrumental in understanding the optimal geometry for each field and in turn the lowest
switchgrass BEP. This will be a focus of the study going forward.

6.2

Limitations
One of the major limitations of this research is the lack of harvest data from a

landscape design system. We assume a 10% decrease in efficiency for harvesting corn in
a LDS with switchgrass, because the producer must maneuver machinery in unique
shapes in order to avoid mature switchgrass stands. The accuracy of this estimate is
unproven, because there is no existing harvest data from a LDS. Through the use of the
stochastic analysis and applying PERT distributions for the cost of harvesting corn and
switchgrass, we attempted to account for this uncertainty. Still, this is a static uncertainty
applied to all the switchgrass subfields, which are not homogeneous. Each subfield has a
unique shape and size, so it will also be imperative to attain data for harvesting corn
around various switchgrass subfield shapes.
This harvest data could also give us insight into switchgrass yields in a LDS. As
mentioned in the literature review, there is no existing study exploring switchgrass yield
on marginal land in a LDS. While we account for variability by using a PERT
distribution for switchgrass yield in our stochastic analysis, a range utilizing actual yield
data from an LDS will improve model accuracy. It will provide insight into the rate of
yield growth annually, and the likelihood the switchgrass is subject to yield shocks like
wind stress. Ultimately, major improvements to our model will be made as data on
switchgrass production in a LDS becomes available to better assess the productivity and
practicality of its cultivation.
Another limitation of this analysis is the role of crop insurance. Under current
insurance policies, farmers can receive indemnity payments if their yields or revenue fall
below an established threshold. An indemnity payment is an insurance payment disbursed
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to a farmer if their yield or revenue, depending on the plan they purchase, drops below a
certain level. Regardless of the plan they choose, if farmers convert their land to a LDS,
they are removing their most unprofitable, low yielding corn acres out of production. The
yield of the remaining corn acres will increase. Therefore, their chance of falling below
any given yield threshold decreases, so the availability of crop insurance indemnity
payments provides a disincentive for farmers to remove unproductive acres. Farmers face
an added risk if they remove them from production under current crop insurance policies.
There is talk of altering insurance plans to reward farmers with less risk associated in
their crop production. As of now, the current insurance policies encourage farmers to
cultivate all of their land regardless of any intra-field yield variance. This added risk
would inherently increase the switchgrass breakeven price in a LDS, because a farmer’s
chance of receiving the indemnity payment will decrease. Essentially, a farmer’s
expected indemnity payment falls in moving from the conventional system to a LDS. The
role of insurance and risk is an area to be expanded in future iterations of the breakeven
price model. Future analysis should quantify the difference in expected payments
between LDS and BAU production and incorporate it into the switchgrass BEP.

6.3

Future Work
Additional analysis on how using environmental criteria to create switchgrass

subfields will help further assess the potential for economic and environmental incentives
to align in a LDS. While our analysis provides insight into this question, further
examination of more fields can assess how often the overlap occurs. Each field’s analysis
and creation of subfields is relatively time consuming. This process could be expedited
by the creation of an ArcMap model, which would also help further analyze the impact of
field geometry on switchgrass BEPs.
The integration of data for switchgrass production will be critical for this model.
With improved environmental data, we can better assess the alignment of areas with poor
environmental properties and unprofitability. Additionally, our results show that field
geometry can impact the switchgrass BEP in a LDS. The creation of such a model would
allow us to examine the distribution of row crop yield and environmental properties to
create field geometry. This model could create switchgrass subfields to optimize

117
switchgrass BEP. Based on our analysis and conclusions, this will entail minimizing the
difference from BAU corn net revenue per ton switchgrass through maximizing the rate
of corn yield improvement per acre converted to switchgrass. We can also bind the
switchgrass subfields to certain shapes. Once data on how switchgrass subfields impact
harvest costs becomes available, we can create subfields that will not significantly
increase LDS harvest costs compared to BAU production.
This analysis will be able to provide a framework to decide whether switchgrass
production in a LDS for a specific field is viable. We found that a landscape design
system, a form of subfield management of marginal land, may not be universally viable.
Some fields are better suited for switchgrass or perennial grass production in a LDS. This
analysis will be eased by better LDS data and the creation of the dynamic ArcMap model.
Then, field geometry creation and alignment of economic and environmental incentives
can be tested easily in each field to assess the practicality and switchgrass breakeven
price in a LDS for each individual field.
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APPENDIX

Figure A.1 Fields 1A and 1B Low WTC Criterion Geometry

Figure A.2 Fields 1C and 1D Low WTC Criterion Geometry
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Figure A.3 Fields 2A and 2B Low WTC Criterion Geometry

Figure A.4 Fields 3A and 3B Low WTC Criterion Geometry
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Figure A.5 Fields 4A and 4B Low WTC Criterion Geometry

Figure A.6 Field 5A Low WTC Criterion Geometry
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Figure A.7 Fields 1A and 1B High WTC Criterion Geometry

Figure A.8 Fields 1C and 1D High WTC Criterion Geometry
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Figure A.9 Fields 2A and 2B High WTC Criterion Geometry

Figure A.10 Field 3A High WTC Criterion Geometry

128
Figure A.11 Field 4B High WTC Criterion Geometry

Figure A.12 Field 1C Hybrid Criterion Geometry, Raw Version
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Figure A.13 Field 1C Hybrid Criterion Geometry, Final Version

Figure A.14 Field 1C Water Erosion Criterion Geometry
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Figure A.15 Field 1C Nitrate Leaching Criterion Geometry

Figure A.16 Field 3B Hybrid Criterion Geometry, Raw Version
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Figure A.17 Field 3B Hybrid Criterion Geometry, Final Version

Figure A.18 Field 3B Water Erosion Criterion Geometry

Figure A.19 Field 3B Nitrate Leaching Criterion Geometry
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Figure A.20 Field 5A Hybrid Criterion Geometry, Raw Version

Figure A.21 Field 5A Hybrid Criterion Geometry, Final Version
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Figure A.22 Field 5A ALL Criterion Geometry

Figure A.23 Field 5A Water Erosion Criterion Geometry
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Figure A.24 Field 5A Nitrate Leaching Criterion Geometry

